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Late in December, 1970,the following preliminary Interface Control

Documents (ICD's) were delivered to NASA:

(1) ICD No. SR 2.4.4-11083 - Booster Vehicle/Orbiter Vehicle,

dated 17 December 1970

(2)- ICD No. SR 2.4.4-11082 - Orbiter Vehicle/Space Station/Payload

Module, dated 17 December 1970

(3) ICD No. SR 2.4.4-11144 - Booster Vehicle/Orbiter Vehicle/

Payload Module to the Launch Pad Complex, dated

10 December 1970

(4) ICD No. SR 2.4.4-11147 - Booster Vehicle/Orbiter Vehicle/

Payload Module to McR Complex, dated 17 December 1970

5)--ICD No. SR 2.4.4-11145 --Booster- Vehicle/Orbiter Vehicle/
Communications Network, dated 17 December 1970

_ Subsequently, mid-way in February, 1971 the ICD's were revorked and reviewed

informally by NASA and NR/GDC. Item (25 was divided into two ICD s:

(6) ICD - Orbiter/Space Station, dated 8 February 1971

(7) ICD - Orbiter/Payload, revised 11 February 1971

The scopes of the other ICD's were unchanged, but they were up-dated to

mid-February. For the 270-day data submittal, a- preliminary version of the

report "Interface Cot rol Documentation" was submitted including, as

appendices, updated drafts of items (1), (6) and (7). Items (3) and (5)
were updated in the form of Interface Definition Do6uments, for reasons dis-

cussed below. Furthermore, item (4) was similarly re-oriented and divided

into two Interface Definition Documents, one for the previous M&R Complex

less landing sites, and the second for the Landing Sites.

This report is the final Phase B submittal of the same document with

the exception that item (6) has been deleted. The deletion was made for two

reasons: (a) the Phase B study shifted from sole emphasis on the Space Sta-

tion mission to emphasis on a broad spectrum of missions; the 33-foot Space

Station (Phase B level of definition) was replaced by the Shuttle-launched

Modular Space Station (Phase A level of definition); the result is a de-

emphasis of the Space Station and a less well-defined interface; (b) the

Orbiter/Payload ICD - item (7) - is applicable to the Modular Space Station

and includes docking interfaces and radio frequency interfaces for detached

payloads (or Space Station); the result is that the Orbiter/Payload ICD

serves for the Space Station, with the exception of procedural interfaces

and payload-transfer interface while docked.
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INTERFACE CONTROL DOCUMENTATION REQUIRENETS

DRD No. CM-09M defines Interface Control Documentation to be prepared

during Phase B, consisting of.physical, functional and procedural ICD's. With

the exception of the flight elements, very few physical interface require-

ments have been determined as yet. Even for the flight elements, only a

minimal number of gross physical interface requirements can be documented at

this time. Consequently, the interface documents in the appendices are

limited mostly to functional interface requirements.

As in previous preliminary versions of the ICD's, the intent of this

document is to encompass the full scope of interfaces which must be cn-

trolled, in development of the Shuttle System. Since ICD's must normally be

negotiated by the interested parties, any ICD's prepared during Phase B can

-- only-be considere&.as criteria recommended to the development contractors

selected for Phase C-D. At this time, it appears advisable to document the

interfaces in both ICD's and Interface Definition Documents. ICD's are being

retained for those interfaces which can be defined to reflect contractual.

relationships anticipated for Phase C-D. Interface Definition Documents

have been prepared and included as appendices herein for multi-element, mLlti-

party interfaces which will be divided, in Phase C-D, into a number of ICD's

for more effective development and control. In the case of the Booster-

Orbiter-Shuttle to Launch Operations Complex interface, -considerable uncer-

tiThny exists as to wrhether-aparticuarvehilesupport-equipment--interface---
will be subject to external ICD or to internal contractor control. For the

present, the Interface Definition Documents merely identify and define the

interface without specifying whether or not a formal ICD will ultimately be

required. 
"

; PREPARATION OF INTERFACE CONTROL DOCUMENTATION

Interface identification and definition starts with the Shuttle

System Specification and the interface requirements specified therein. The

top-level Schematic Block Diagram (SBD) shown in Figure 1, which is also a

part of the System Specification, graphically identifies and grossly defines

the main interfaces to be controlled. The SBD included in each Interface

Definition Document is an expansion of a portion of the top-level SBD. It

identifies more limited interfaces and identifies potential ICD's required to

control each interface. At this time, ICD's are being identified between a

particular flight element and all items of support equipment although it

should be noted that, for items of support equipment peculiar to a particular

flight element, control of the interface may be internal to the contractor and

not the subject of an external ICD.

For the ICD's included in this document, an attempt was made

to structure each so as to allow easy growth into an ICD suitable for Phase

C-D negotiation. Data believed necessary to control the interface has been

identified and described even if it is not available now and can only be

identified as "TBD". The following considerations were kept in mind during

ICD preparation.
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0
(a) The ICD is a legal document, equivalent to a contract,

which binds two or more parties to satisfy explicitly
stated requirements. Conside and negotiate it as such
a contract.

(b) The ICD is incorporated in each specification controll-
.......- ..- ing elements meeting at the interface. Since it is con-

tractually part of such specifications, use the same
approach as would be used in preparation of Section 3
of the same specifications.

(c) Define the interface, not the equipment/software items
which interface; viz., include only the requirements/
criteria necessary to define and control the interface.

At this time, the data in the ICD's nmst be considered very prelimi-

nwy in nature. In general, they will not be handled as controlled documen-

tation and so will not be kept continuously updated. The exception will be
the Booster Vehicle-to Orbiter Vehicle ICD which will be informally main-
tained to document NR/GDC interface design decisions.

SD T-5--12
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1. SCOPE

1. 1 Technical Interface

This Interface Control Document (ICD) specifies functional,
physical and procedural requirements for the interface(s) between the

Booster Vehicle and the Orbiter Vehicle from initiation of Shuttle Vehicle

mating (preparatory to launch) until command of either the Booster or
- Orbiter -Vehicle (whichever -commits-to land-earlier) --is -tra-nsferred --to-the

air traffic control function at the landing site, as defined in the sub -
paragraphs below. It includes design requirements to be observed in
design of the interfacing equipment in accordance with requirements

specified in this ICD.

1.1.1 -1 Initiation of Shuttle Vehicle Mating.

.- . Initiation of Shuttle Vehicle mating shall bedefinedas that time at -

which first physical contact occurs between the Booster and Orbiter
Vehicles during their final mating, as part of the pre-launch operations,

.preparatory to launch in the mated configuration. .--

1.1.2 Transfer of Vehicle Command.

Transfer of command of either the Booster or Orbiter Vehicle to

the air traffic control function at the landing site shall be defined as that
time at which the vehicle involved first acknowledges an instruction con-
cerning traffic pattern, landing, etc. from the air traffic control function
at the landing site.

2. APPLICABLE DOCUMENTS

The following documents, of the issue in effect on date of

original official release of this ICD, form a part of this ICD to the extent
specified herein. In the event of conflict between documents referenced
herein and the contents of this ICD, the contents of this ICD shall govern.

2. 1 Specifications

(a) Specification No. SS613M0001: System Specification for a
Space Shuttle System

A-1
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(b) Specification No. 76Z0500 Booster Vehicle Prime Item Part I

(c) Specification No. CP613M0002 Space Shuttle Orbiter

Prime Item

(d) Specification No. 76Z0548 Airborne Separation Sequence

Software

2. 2 Interface Control Documents

13M15000B Space Shuttle Vehicle/Engine 550K(SL) Interface
Control Document.

3. INTERFACE REQUIREMENTS

3.1 Mass Properties

3. 1.1 Ground Operations.

The mass properties of the Shuttle Vehicle, the Booster Vehicle,

and the Orbiter Vehicle - during ground handling and transportation of the

mated Shuttle Vehicle - shall be constrained within thelimits shown in

Table 3. 1-1. Values shown are maximum values unless otherwise
indicated. - - - -.. . . ... .- --

Table 3.1-1. Prelaunch-Mated Vehicles Roll-Out Mass
Properties (B9U Booster + 161C Orbiter)

Element Weight C.G. X C.G.Y. C.G. Z

B9U Booster 631228 3172 0 348

161C Orbiter (Payload in) 264253 2228 0 751

161C Orbiter (Payload Out) 224253 2224 0 745

Combined (Payload In) 895481 2893 0 467

Combined (Payload Out) 855481 2923 0 452

Payload 40000 2251 0 783

NOTED:

1. Each element contains only the closed system fluids.

2. All c. g. 's in Booster coordinate system.

3. Booster nose = 1000

4. Booster tank centerline = 400

A-2
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3. 1. 2 Flight Operations.

The mass properties of the Shuttle Vehicle, the Booster Vehicle,
and the Orbiter Vehicle - during ascent of the mated Shuttle Vehicle - shall
be constrained within the limits shown in Table 3. 1-2. Values shown are
maximum values unless otherwise indicated.

3. 2 Structural Support

The Orbiter Vehicle shall be supported by the Booster Vehicle
by means of the Mating/Separation Subsystem from initiation of Shuttle
Vehicle mating until Booster/Orbiter separation. The attachment point

- locations shall be as shown- in-Figure-3.-2--.-Geometry-of- the--linkage-
shall be as shown in Figure 3. 2,-2. The Mating/Separation System shall -

be capable of withstanding the loads shown in Figure 3.2-3 for launch pad
operations and mated ascent, and Figure 3.2-4 through 3.2-13 for
Booster/Orbiter separation.

3. 2.1 Booster and Orbiter Dynamic Characteristics..

....... Thi-dynamifc characteristics of the Booster and Orbiter Vehficles.... --

shill meet the requirements given in Table 3. 2-1. The requirements in
the table are minimum natural frequencies of each body in primary axial,
lateral, and torsional modes when the body is attached to a rigid fixture. ...
The attachment shall be at points where the interstage connecting struc-
ture attaches to the body.

Table 3.2-1.. Booster & Orbiter Dynamic Characteristics
(When Attached to Rigid Structure)

BOOSTER ORBITER
MODE . (Hz) (Hz)

AXIAL TBD TBD

LATERAL
. PITCH TBD TBD . . .- --

YAW TBD TBD

TORSION TBD TBD

NOTE: The frequencies can only be specified after detailed stability
analyses have been performed (probably after PDR) on the
selected configuration.

A-3
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SSUPPORT SIDE 268 +±98.5 28.8 +30.2 34.9 +17.1
'0 SP

ONE-DAY GROUND WINDS, HEAD 859 0 95.2 0 62.7 0

FUELED, WITH TOWER TAIL 859 0 -0. 1 0 161.0 0

SUPPORT SIDE 859 +53.3 80.0 +16.3 99.5 T9.28

ONE-HOUR GROUND WINDS, HEAD 859 0 89.5 0 76.5 0

FUELED, UNSUPPORTED TAIL 859 0 30.0 0 138.0 0
SIDE 859 ±33.3 80.0 +10.2 99.5 T5.80

DYNAMIC LIFTOFF PLUS HEAD 1296 0 119.0 0 134.0 0

ONE-HOUR GROUND WINDS TAIL 295 0 82.2 0 182.0 0
SIDE 1296 ±20.5 121.0 ±2.92 150.0 ;4.14

MAX a-q N-q = 2800 HEAD 1798 0 224.8 0 234.8 0

a-q =-2800 TAIL 804 0 83.0 0 950.3 0

NO WIND 1808 0 137.4 0 625.6 0

MAX 3-q +2400 SIDE 802 +81.2 128.8 ±166.8 653.7 T72.3

3g MAX Nx = 3.3 N =0 N z 
= -0. 3 5 2849 0 135.2 0 424.5 0

THRUST Nx = 3.3 NY +0.1Nz = -0.25 2849 +55.4 179.3 ±30.7 394.5 F7.6

BOOSTER Nx=3.3 N =0 Nz=-0.46 2841 0 62.9 0 459.0 0

BURNOUT Nx=3.3 N =+0.1 Nz=-0.36 2841 +55.4 118.3 ±30.7 428.0 :7.6

Fig 3.2-3
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3.3 Propulsion

Booster main engine/vehicle systems performance shall be in
accordance with 13MI5000B Space Shuttle Vehicle/Engine 550K(SL) Inter-

-face Control Document. The Booster Vehicle shall provide all propulsive
power to the Shuttle Vehicle from lift-off to stage separation. The separa-
tion thrust/time history and sequence of events for normal separation
staging shall be in accordance with Paragraph 3.9. 1. Booster Vehicle
shutdown impulse shall be controlled at nominal staging to prevent
recontact of the vehicles.

For nominal separation conditions, the Booster and Orbiter
Vehicles shall be capable of separating under the following conditions:

a. Loss of thrust or thrust vector control from one or two
Booster engines.

b. Loss of thrust or thrust vector control from one Orbiter
engine.

A signal fromthe Booster LOorL depletonsensors shall
normally initiate the Booster/Orbiter separation sequence.

3.4 Flight Mechanics

3.4. 1 Acceleration.

Maximum axial acceleration of the mated Shuttle Vehicle shall not
exceed 3 g's. At no time during the separation maneuver shall the Orbiter
axial stead-state acceleration drop below 0. 2g at the engine sumps. This
requirement is void if the Orbiter engines have not been able to achieve
ignition.

3.4.2 Dynamic Pressure.

Maximum dynamic pressure (q) shall not exceed 576 PSF.
Maximum qcr shall not exceed + 2800 PSF degrees, including during abort
separation.

3.4.3 Staging Envelope.

The booster Vehicle shall be capable of boosting a 900, 000 pound
Orbiter Vehicle to an altitude of 232, 500 + 7, 500 feet, to a final velocity
of 10, 750 + 150 feet per second at a flight angle of 6+ 1 degrees along any
azimuth, with a single engine out.
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3.4.4 Separation System Performance.

At the nominal staging point, the Booster Vehicle shall be capable

of releasing a fully-functioning Orbiter Vehicle at a prearranged attitude

(pointing vector) + 2 degrees about all three body axes. The Orbiter body

rates at release shall be 7-+ 3 degrees/second in pitch and zero + 2 degrees/

second in roll and yaw.

Under these nominal conditions, the minimum axial clearance

between the Orbiter main engines and the Booster hard structure shall not

be less than 35 feet; the minimum vertical clearance (between skinlines)

shall not be less than that at the mated position.

At any point on the ascent trajectory, the Booster Vehicle shall be

capable-of safely-releasing a fully-functioning Orbiter-Vehicle-within-5 -0-
second from an Initiate-Separation signal.

The elapsed time from the Initiate-Separation Signal to 1000 feet

(vector-sum) clearance shall fall within the envelope given in Figure 3.4-1.

Under extreme emergency conditions (e. g., imminent explosion
necessitating immediate termination of Booster thrust), the Booster

--------- Vehicle shall be capable of safely releasing a non-thir-ustingi-Orbiter
Vehicle within 1. 5 second and attaining zero thrust within 3. 0 second of

an Emergency Release Signal.

3.5 Aerodynamic Characteristics

3.5. 1 Post-Separation Interference Airloads.

The airload sustained by each vehicle shall account for interference

effects and shall be coordinated.

3.5. 2 Acoustics and Buffetting.

The Booster and Orbiter Vehicles shall be designed to withstand the

acoustic environments on the launch pad and during mated ascent as shown

in Figures 3.5-1, 3.5-2, and 3.5-3. Noise sources include the rocket

engines and various aerodynamic sources such as boundary layer turbulence,
... oscillating shocks, boundary layer shock interaction, and separated flow.-

Transient effects due to staging or abort conditions are not included.

Figure 3. 5-1 is a plot of overall sound pressure level (OASPL)

at launch as a function of Booster vehicle station, measured from the exit

plane of the rocket nozzles. Figure 3. 5-2 comprises a plot for various
Booster Vehicle stations of 1/3 octave band sound pressure levels
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(1/3 OBSPL's). The effects of launch pad geometry (Kennedy Space Center

Launch Pad No. 39B) and vehicle surface reflection are included. The

launch noise level shown in Figures 3. 5-1 and 3. 5-2 are valid for approxi-

mately 8 to 10 seconds after liftoff, at which time they will have decreased

by about 3 db. At about 15 seconds, the noise levels will have decreased

another 3 db since the vehicle will be at an altitude above 1000 feet and the

noise radiation may be considered as effectively spherical rather than

hemispherical, which is the case while on or near the ground place. After

15 seconds, the rocket noise on the vehicle will decrease with altitude as a

function of the reduction in the characteristic impedance of the atmosphere,

i. e., density times speed of sound. When the local flow velocity reaches

Mach 1; rocket noise will not be propagated forward on the vehicle.

Figure 3. 5-3 shows aerody-n-arf-aIy l-in-duce-d pseudo-noise during

ascent of the vehicle, at maximum dynamic pressure.

3-6 .-. .Thermal Characteristics

Computations of thermal interactions between the Booster and

-- Orbiter Vehicles shall be based on the Booster/Orbiter configuration shown

in Figure 3. 2- _ The scent trajectory on which heatingenvi.ronments are-

based shall be consistent with the flight mechanics constraints delineated

in paragraph 3.4.

3.6.1 -Launch Pad Thermal Interaction -

The exterior surface of the Booster and Orbiter Vehicles shall be

maintained within the temperature range of 33 to 86 F for an effective surface

emmittance of 0. 85.

3. 6. 2 Ascent Thermal Interaction

The surface temperatures and internal thermal response of the

Booster and Orbiter shall be based on the thermal interaction influence of

the surface temperature histories as presented by Figures 3.6-1 through

3. 6-8 for surface emissivities of 0. 85 and 0. 80 for the Booster and

Orbiter, respectfully.

3 7 Guidance and Navigation ... ------ __...

During the mated ascent phase, the Booster Vehicle shall perform

- all guidance and navigation functions to control the mated Shuttle Vehicle

along the desired trajectory until completion of Booster/Orbiter release.

The Orbiter Vehicle shall perform similar guidance and navigation com-

putations as a contingency backup to the Booster Vehicle. Two-way voice

and data communications, as defined in Paragraph 3. 10. 1, shall be provided.
Following abort separation, both vehicles shall be capable of continuing
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along an altered ascent trajectory until burnout, subsequent reorientation,
reentry and flyback to the launch site or a designated alternate emergency
landing site. This recovery requirement is void if the particular damage

__--sustained (which may have necessitated abort separation) shall subsequently
preclude vehicle recovery.

3.8 Flight Control

- Mated Shuttle Vehicle flight control functions shall be performed
primarily by the Booster main engine thrust vector control (TVC) and,
possibly, the Booster aerodynamic surfaces. The aerodynamic surfaces
of the Orbiter Vehicle shall be trimmed during boost to the minimum drag
position unless needeto actively suppress integrated vehicle loads.

3.9 Separation Sequence and Maneuvers .. ... -

3.9.1 Separation Sequence

Normal separation shall be accomplished to the timeline shown in
[{ ,Sill1" .-3 9-- Tbe The nL-spar-ati-on-seqe-sha41--a-s-s-hown4n-----

Figure 3. 9-2. The separation sequence shall be adaptive to prevailing
conditions at any-point along the ascent trajectory where separation is to
occur. The Orbiter Vehicle shall provide parallel-redundant separation

-commands to the Orbiter interface to provide all separation functions. As
long as Booster-Orbiter communications are intact, the separation sequence
shall be slaved to the Booster Vehicle as the master controller. In the
event that Booster-Orbiter communications are lost, the sequence adaptation
shall cease and the last sequence update shall be used by both vehicles. In
the event of Booster incapacity, the Orbiter Vehicle shall assume the master
controller function. The separation sequence controllers shall be in accord-
ance with 76Z0548 Specification for Software, Airborne, Separation Sequences.

3.9. 2 Post-Separation Maneuvers

The post-separation maneuvers of both vehicles shall prevent re-
contact. To provide for a desired Booster pitch up angle after separation
and prior to the recovery maneuver, a Z degree/second pitch up command
shall be preprogrammed. 50 seconds after initation of the separation
sequence. For the condition with neither Orbiter engine operating, a
larger Booster pitchup angle is required to provide sufficient clearance
between the Orbiter and Booster tail. This shall be accomplished by pro-
gramming an additional Booster pitch up command concurrently with the
release of the vertical links.

In the event of abort separation, post-separation maneuvers shall
have as an objective to maximize intervehicle separation distances. During
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post-liftoff abort Booster thrust shall be sequentially increased to 100% to
provide required separation energy, reduced to 55% for tail clearance and

increased back to 109% to provide for recovery. The Orbiter Vehicle shall

be preprogrammed with a 2 degree attitude and a 4 degree/sec pitch rate

at separation to ensure adequate separation distance.

For max-q abort Booster thrust scheduling shall be similar to

post-lift except for timing and Booster thrust not exceeding normal power.
-To account for wind effects the Booster Vehicle shall be programmed to

weather cock to maintain a / of 1/2 degree. The Orbiter engine gimbal

controls shall provide for a 7-degree hardover command for 5 seconds after

separation.

To prevent exceeding the 3-g limit on the Booster and/or Orbiter

during abort 180 seconds after liftoff, four of the booster engines shall be

shutoff and the remaining reduced to 50% thrust, To achieve required

separation clearance 6-degree Booster and 10-degree Orbiter attitudes

at a 2 deg/sec pitch rafe shall be preprogrammed.

3.9.3 Electrical Power

Both vehicles shall redundantly to each other provide 28V DC

electrical power to fire sixteen deployment squibs. Both vehicles shall,

... --- over paths separate from the-above, supply redundant 28 V DC electrical

power to fire twelve release squibs. In addition, back-up of electrical

power paths shall be provided to burst the separation/mating links in the

event of a failure.

3.10 Communications

3.10.1 Hardline Communications

Three hardline communications links shall be provided between

the two vehicles while mated, as defined in Figure 3. 10-1. Each link shall

be cabled and terminated separately from the others, and each shall consist

of four twisted wire pairs, each pair being shielded.. Two communications

links shall be incorporated into one of the two front drag links of the Booster/

Orbiter Mating/Separation Subsystem previously defined in Paragraph 3. 2,
and the third communications link shall be incorporated into the other of

the two front drag links.

3.10.1.1 Data

Two of the four twisted pairs in each communications link shall be

utilized to provide two-way simplex data interchange as specified in Table

3. 10-1 (TBD). The data transfer in either direction shall be provided by the
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originating vehicle at a rate of 5 KB/second maximum. The format of the

data to be transferred shall be established by the originating vehicle.

3. 10. 1. 2 Voice

Two of the four twisted pairs in each communications link shall be

utilized to provide two-way duplex voice as specified in Table 3. 10-2.

TABLE 3.10-2 HARDLINE TWO-WAY DUPLEX VOICE

Input Impedance (Microphone) Balanced 600 + 60 ohms at 1 KHz

Frequency Response 300 Hz to 3 KHz , flat within 3 db

Isolation (1) 52 db minimum between channels

.(Z) 46 db-ii mium between micrbo-
phone and earphone lines.

. --- Attenuation 1 db maximum in the fre quency

.... range from 300 Hz to 3 KHz

Input Signal Level (1) Microphone Line: from -30 dbm

to + 15 dbm
(2) Earphone Line: +20 + 6 dbm

nominally

Internal Noise (1) -42 dbm maximum nominally
and during max vibration levels

shall not exceed -27 dbm
... ....- -. (2) -27 dbm maximum under maximum

vibration levels

3. 10. 2 RF Communications

3.10.2.1 Voice

RF communications between the Booster and Orbiter Vehicles shall

be provided by UHF two-way simplex voice utilizing the following frequencies:

(a) Booster to Orbiter - TBD (225 - 400 MHz)

(b) Orbiter to Booster - TBD (225 - 400 MHz)

The equipment used shall be that used for communication with

ground stations.

3.11 Vehicle Inter-Control

3. 11.1 Control by Booster Vehicle

The Orbiter Vehicle shall be capable of receiving, and responding

to, the following command and control signals transmitted from the Booster
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Vehicle via the data interchange communications defined in Paragraph 3.10.1.
No action by the Orbiter Vehicle crew shall be required to implement these
commands and controls:

(a) Main engine ignition
(b) Thrust Vector Angles (each engine, open loop)
(c) Thrust Level Commands (each engine)
(d) Aerodynamic Surface Deflections
(e) Short Term Guidance Commands
(f) ACPS Commands

3. 11.2 Control by Orbiter Vehicle

The Booster Vehicle shall be capable of receiving, and responding
to, the following command and control signals transmitted from the Orbiter

-Vehicle via the data interchange communications defined in Paragraph

3. 10. 1. No action by the Booster Vehicle crew shall be required to imple-
ment these commands and controls:

(a) Main engi neignition
(b) Thurst vector angles (each engine, open loop)
(c) Thrust level commands (each engine)
(d) Aerodynamic surface deflections

.. -(e) _Short term guidance commands - --.....

(f) ACPS commands

3.12 Status and Performance Monitoring

3.12. 1 Booster Vehicle

The Booster Vehicle shall be capable of monitoring the Orbiter
status and performance data defined in Paragraph 3.14.2. Such data shall
be made available to the Booster Vehicle via the hardline communications
link define4 in Paragraph 3. 10. 1.

3.12. 2 Orbiter Vehicle

The Orbiter Vehicle shall be capable of monitoring the Booster

status and performance data defined in Paragraph 3.14. 1. Such data shall
be made available to the Orbiter Vehicle via the hardline communications
link defined in Paragraph 3. 10. 1.

3.13 Contingency Operations

3.1 3. 1 Abort
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Means shall be provided in both the Booster and Orbiter Vehicles
for manual and automatic initiation of the automatic abort sequence(s) as

determined by the abort criteria defined in Paragraph I. 1. 1 of Appendix I.

Automatic abort sequencing shall be verified in both the Orbiter Vehicle

and the Booster Vehicle. Manual override of the automatic abort sequence(s)

by the flight crew of either vehicle shall be provided. This capability shall

be limited such that the crew of either vehicle can only exercise manual

override of the automatic abort sequence(s) initiated by the vehicle they

occupy. The capability shall also be provided, on both the Booster Vehicle

and the Orbiter Vehicle, to initiate the separation sequence automatically
by the on-board computer or manually by members of the flight crew. The

hardline data interchange link defined in Paragraph 3.10. 1.1 shall be used

-for nl iation of the separation-sequence.

3.13.2 Emergency Detection

Identification of malfunctions, requiring abort, and the abort

signal resulting from either manual or automatic abort initiation shall be

transmitted from the vehicle initiating such abort to the other vehicle in a

form suitable for simultaneou"sdisplay in the cockpits of both the Booster
and Orbiter Vehicles. These signals shall be transmitted via the 2-way
data interchange link defined in Paragraph 3. 10. 1.

.3. 13.3 Caution and Warning Signals -......

Caution and warning signals shall be transmitted from the initiating
vehicle to the other vehicle in a form suitable for simultaneous display in the
cockpits of both the Booster and Orbiter Vehicles. These signals shall be
transmitted via the 2-way data interchange link defined in Paragraph 3. 10.1.

3.14 Data

3.14. 1 Booster Vehicle

The Booster Vehicle shall provide, to the Orbiter Vehicle, the
data specified in Table 3.14-1. ..

3.14.2 Orbiter Vehicle ....

The Orbiter Vehicle shall provide, to the Booster Vehicle, the
data specified in Table 3. 14-2.

3.15 Interstage Grounding

The Booster and Orbiter Vehicles each shall meet the grounding
requirements of MIL-B-5087. The ground shall be carried through the
communication link physical interface shown on Figure 3.2-1.
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0

TABLE 3.14-1 DATA PROVIDED TO THE ORBITER VEHICLE BY BOOSTER VEHICLE

OPERATIONAL MODE/PHASE

04 0

Data Items . 0o w C)

CU C

-Emergency Detection

.Main Engine Status X X X

Control System Status X X X

Fire Detection X X X X X

Major Propellant Leak X X X X X

- Explosion . .-. X- X_ X. X_ _ _

Fail-Safe Level Static XX X

Caution & .Warning

Operational Data

Air Data (a, , q, Mach, , , q) X X

Main Engine Thrust & TVC X X

Control System Data X X

Guidance Data (Altitude X X

Attitude, Wind Data, Gust

Data)
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0

TABLE 3.14-2 DATA PROVIDED TO THE BOOSTER VEHICLE BY ORBITER VEHICLE

OPERATIONAL MODE/PHASE

o

DataItems -.1
I__ _IG)

10 r0

.- Emergency Detection

Main Engine Status X X X

Control System Status X X

Fire Detection X X- X .X X

-Major Propellent Leak- X X -

Explosion X X X X X

Fail -Safe Level Static X X X

Caution & Warning

Operational Data
Main Engine Thrust & TVC X X

Control System Data X X

ACPS Thrust X X
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4. INTERFACE DESIGN CRITERIA

4. 1 Environmental Conditions

SDesign of the interface(s) between the Booster Vehicle and Orbiter
Vehicle shall be based on the requirement that the two vehicles be capable
of operation in the natural and induced environments specified in Paragraphs
3.2.7.1 and 3.2.7.2 of the "System Specification for a Space Shuttle System,
except as specified in the following paragraphs of this section.

4.2 Ascent Flight Aerodynamics

The mated configuration aerodynamic characteristics with inter-
ference effects-include-d, are give-n-in-Fi-gure-s-4.--- through 4. 2-8.

4. 3 Timeline

The timeline for Mated Flight, Liftoff to Separation, shown in
Table 4. 3-1, shall be used as the baseline for ascent performance studies.
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Table 4. 3- 1 Mated Flight, Liftoff to S paration

Initiate Complete Duration FUNCTION
NUMBER FUNCTION, SUBFUNCTION,

D H M S D H M S D H M S (FROM FF%) OR EVENT TITLE

00 00 00 00 00 00 D3 04 00 00 03 04 .1. 1 Perform mated ascent (starts wit liftoff)

00 05 05 :1. 1. 1 Perform initial ascent maneuver

-06 00 BV ignition (instant of)
00 00 Liftoff (instant of)
00 00 Full thrust achieved (instant of)

00 05 05 Coitrol vhicle to vertical

05 17 12 1.1.2 Perform roll maneuver

10 30 20 1.1.3 Perform pitch maneuver

30 03 04 02 34 1.1.4 Maintain ascent profile

30 03 04 02 34 Maintain gravity turn (pitch program)

01 05 00 Max g (instant of)
02 20 00 3-g max axial load (instant of)

02 ZO0 03 04 44 Maintain axial load 3 g

03 04 03 08 1.2 Perform orbiter/booster staging
1. 2. 1 Sense booster propellant depletion (instant of)

(Details TBD) Sense oxidizer depletion
Sense fuel depletion

\"Signal to DCM (data control
. and mgmt)

.1.2. 2 Configure vehicles for staging
Initiate staging sequence, booster

and otbiter

Booster rraintains mated vehicle
attitude

1.2.3 Perform sep ration
Release held down link
Perform physical separation (motion

of link)



APPENDIX I - ABORT INTERFACE REQUIREMENTS

1. 1 Operational Abort

1. 1. 1 Voice and Data

The Booster computer shall be the command center for abort
during mated ascent. The computer shall monitor Booster and Orbiter sub-
system failures, generate automatic and manual abort signals, display abort
conditions to Booster/Orbiter crews, and control automatic abort initiation
commands. The Booster computer (with backup provided by the Orbiter
computer) shall establish vehicle capabilities and the required abort separa-
tion timing to remain within- these capabilities. Autoinatic abort iitiation
shall be provided for those failure situations in which manual response time
is not adequate to provide a safe abort separation; the use of automatic

-abort initiation for separation is a function of the nature of the failure and
the time from liftoff at which the failure occurs. Abort initiation shall be
provided for the following conditions:

(a). Manual-abor-t-sepa-ation-s&ignal-for-loss-of-ritical-subsystem .----

to fail-safe level, if time permits; otherwise, the computer
shall provide an automatic (back-up) abort separation signal.

--- (b) - Manualri mtssion abort for incapacitated crew or passengers.

(c) Manual abort separation signal for leaks/fire/explosions
in the (TBD) areas, if time permits; otherwise, the com-
puter shall provide an automatic (back-up) abort separation
signal.

1.1.2 Control

Following the separation sequence, the Booster and Orbiter con-
trol systems shall maintain control during an abort separation maneuver to
prevent recontact of the Booster/Orbiter stages and to allow a safe recovery.
The control system shall be capable of operating within the baseline design
flight envelope for abort which is from the start of booster main engine
ignition sequence through normal stage separation.

1.1.3 Loads

For abort conditions, the Booster and Orbiter design ultimate
structural loads shall not be exceeded either during or subsequent to the
separation maneuver as a result of the separation maneuver or sequencing.
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1, 1, 4 Definition

Aborts during mated flight shall be categorized on the basis of

whether the failure causing the abort is critical or noncritical.

(a) Critical failures are those functional failures for which

continued mated flight to Booster propellant depletion is

not advisable and the vehicles are required to separate

early.

(b) Non-critical failures are those functional failures for which

continued safe mated flight to Booster propellant depletion

is advt-sable;.. .---..

The abort performance requirements for critical failures are (TBD). For

non-critical failures, separation shall be accomplished within the control

and structural design capability for the baseline design.

1.2 Development Flight Tests Abort

1.2,- 1 Voice and Data

The Booster/Orbiter command pilots shall have a voice link

.- -during.the mated development flight tests. The Booster computer shall be

the command center for intact abort during ascent for critical and non-

critical failures. The Booster command pilot shall initiate crew escape

with ejection seats for catastrophic vehicle failures.

(a) Manual abort separation signal for explosions/fires/leaks
..-- in the (TBD) areas, if time permits; otherwise, the com-

puter shall provide an automatic (back-up) abort separation

signal.

1.2.2 Performance

The ejection seats shall be capable of providing crew safety from

the mated configuration on the pad through Max q (approximately 60, 000 ft.

at 2000 FPS).

A-56
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I. SCOPE

l.I TECHNICAL INTERFACE

This Interface Control Document (ICD) specifies functional,
physical and procedural requirements for the interface(s) between any Orbiter
Vehicle and any Payload from cargo insertion (prior to launch) through cargo
removal (subsequent to landing). It includes design criteria to be observed
in design of the interfacing equipment in accordance with requirements
specified in this ICD. For purposes of this ICD, the term "Payload" shall
refer only to items within the Orbiter Vehicle's cargo bay at time of launch.

2. APPLICABLE DOCUMENTS

The-foLlowing documents, of-the-i-ssue-in-ef-fect-on-date-of------
original official release of this ICD, form a part of this ICD to the
extent specified herein. In the event of conflict between documents
referenced herein and the contents of this ICD, the contents of this ICD
shall govern.

2.1 SPECIFICATIONS

a. Specification No. SS613M001: System Specification for a
..- pace-ShuttIe System.

b. MIL-STD-461: Requirements for Electromagnetic Inter-
ference Characteristics.

c. MIL-STD-462: Measurement of Electromagnetic Interference
Characteristics.

d. MIL-STD-704A: Characteristics and Utilization of
Aircraft Electrical Power.

S2.2 INTERFACE CONTROL DOCUMENTATION

a. ICD No. SR 2.4.4-11188: Orbiter Vehicle to Space Station.

2.3 DRAWINGS

(TBD)
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3. INTERFACE REQUIREMENTS

3.1 OPERATIONAL PHASES

The operational phases included in this ICD shall be as defined in

the following sub-paragraphs.

3.1.1 Assembly and Launch

This operational phase shall be defined as beginning with first

physical contact as the Payload is being loaded into the Orbiter Vehicle,

prior to launch, and terminating with Shuttle Vehicle liftoff.

3.1.2 Ascent and- Renidezvous

This operational phase shall be defined as beginning with Shuttle

Vehicle liftoff and terminating with achievement of the following conditions:

a. The Orbiter Vehicle is less than 1000 feet from the vehicle

or satellite with which it plans to rendezvous.

b. ~he-Orb-teVcs reAtivevelocity sless-tharn _
feet per second different from that of the target vehicle
or satellite.

L. f there is no target vehicle or satellite, then such termination

is defined as achieving a stable earth orbit which remains within 1000 feet

of the desired orbit for one complete orbit of the earth.

3.1.3 On-Orbit Operations

This operational phase shall be defined as beginning with the

..-. achievement of rendezvous (per paragraph 3.1.2) and terminating with the

engine ignition signal for deorbit.

3..1.4 Entry and Landing

This operational phase shall be defined as beginning with deorbit

initiation and terminating with last physical contact as the Payload is

being removed from the Orbiter Vehicle subsequent to rollout at the landing
site.

3.2 PAYLOAD MASS PROPERTIES

Payload weight shall not exceed 65,000 pounds.

When the Payload is attached in the cargo bay, the Payload's

center-of-gravity (cg) shall lie within the longitudinal cg envelope shown

in Figure 3.2-1 Air Breathing Engines removed).

C-2
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3.3 PAYLOAD STOWAGE AND HANDLING

3.3.1 Payload and Cargo Bay Envelopes

. Undistorted payload dimensions shall not exceed a cylindrical
envelope 60 feet in length by 15 feet in diameter, with the exception of
the payload retention fittings discussed in section 3.3.5.

The cargo bay shall provide a minimum clear volume of 15 feet
in diameter by 60 feet length. Cargo bay dimensions and clearances shall
be as shown in Figure 3.3-1.

3.3.2 Cargo Bay Doors

During the rendezvous and on-orbit missibn phases, the cargo
bay doors shall be retracted to allow a 1800 lateral field of view as shown
in Figure 3.3-1.

Prior to launch, the cargo bay doors shall be capable of
opening under their own power when the Orbiter Vehicle is in the vertical
(shielded from wind gusts by support equipment). .

3. 3-3 Pay & ' -Venn--a- d-Supptyrt- Eu pmerft-Access

The Orbiter Vehicle shall accommodate payload venting and support
equipment access when the Payload is in the cargo bay and the cargo bay
doors are closed. This accommodation shall be through the payload umbilical
panels shown in Figure 3.3-1. (These panels are nominally blanks; the
weight differential between the blank panels and the payload-supplied,
mission-peculiar panels is chargeable to payload weight'.)

Between liftoff and landing, payload venting shall be non-
propulsive and shall not impart disturbances greater than 10 lb nor
Impulses greater than 1000 lb-sec.

3.3.4 Personnel Transfer

The Orbiter Vehicle shall provide internal access from the
personnel compartment via an internal airlock to either a pressurized payload
module or the unpressurized cargo bay. Personnel shlrtsleeve transfer shall
be possible with a pressurLzed payload module either (a) attached within the

cargo bay or( b) attached to the airlock docking port. All portions of the
access route between the personnel compartment and a pressurized payload
module shall be capable of being sealed so as to provide a completely
shirtsleeve environment.

The Orbiter Vehicle shall provide a retractable personnel transfer

port for access to a pressurized payload module in the cargo bay. The
physical interface for the personnel transfer port shall be as shown In
Figure 3.3-1.

C-4
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3.3.5 Cargo Bay Payload Retention

The structural attachment loads between the Payload and the
cargo bay shall be statically determinant. The payload retention fittings shall
be as shown in Figure 3.3-1.

One-sigma mechanical alignment uncertainty between the Payload
..and the Orbiter Vehicle's reference frame shall not exceed the limits
presented in Table 3.3-2 (TBD).

The payload retention assembly shall accommodate up to +5 inches
of lateral distortion of the Payload, as shown inFigure 3.3-1.

3.3.6 Manipulator Arms

The-_me-chanisms -used for deploymenttretrLevaL,-and-docking-of
Payloads shall be two-manipulator arms. The payload fitting where a
manipulator arm attaches shall be as shown in Figure 3.3-1. The manipulator
arms shall be stowed outside the Payload volume, as shown in Figure 3.3-1.

3.3.7 Docking Provisions

The manipulator arms shall be used to dock detached Payloads to
the Orbiter Vehicle's airlock docking port. The Payload shall have three
options for the physical- interfae ,at the ailr k d ocktng pott-.(shown tn -

Figure 3.3-1):

(1) The Payload utilizes the Orbiter Vehicle's universal
. --.... -- docking adapter, in which case the Payload has a

passive docking ring identical to the Orbiter Vehicle's
(with the possible exception of the retractable docking
petals).

(2) The Payload is docked directly to the Orbiter Vehicle
without an adapter, in which case the Payload has the
same interface as the universal adapter with the airlock
docking port.

(3) The Payload supplies a special-purpose adapter, one end
of which looks like the universal adapter and the other
end of which is uniquely tailored to the Payload.

3.3.8 Payload On-Orbit Handling

-Deployment of the Payload to free space shall leave the payload
with one-sigma position, velocity, attitude, and attitude rate errors that
shall not exceed the limits specified in Table 3.3-3(TBD).

.Retrieval of the Payload from free space shall require the Pay-
load to be stabilized within the limits specified in Table 3.3-4 (TBD).

The Payload shall not perform any attitude control either prior
to deployment release or subsequent to retrieval engagement.

C-7
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3.3.8 Continued

Docking of the Payload to the airlock docking port shall occur
with limits that do not exceed those specified in Table 3.3-5.

Table 3.3-5. Docking Impact Limits

.....- . PARAMETER LIMIT-AT IMPACT

Centerline Miss Distance 2 Inches

Centerline Miss Angle 1 degree

Longitudinal Velocity 0.05 ft/sec

Lateral Velocity 0.05 ft/sec

Angular Velocity 0.1 deg/sec .

314 ELECTRICAL POWER ..

3.4.1 Connectors Between 'the Orbiter and Payload

-. . Standardized connectors shall be structurally mounted on the
_ rbit Veh le, at b h -the i, luck ducknng-portand-wtthin-th-e-cargo-ay- -

to provide electrical power to the Payload.

The standardized connectors shall have the locations and
characteristics- shown in Figure 3.4-1 (TBD). -

3.4.2 Availability

Power shall be available to the Payload following activation of
the ground power system on the launch pad. Power from the Orbiter Vehicle's
fuel cells shall be available following transfer from ground power to in-
ternal power( nominally occurring one hour and 45 minutes prior to liftoff).
Power from the fuel cells shall cease after the connection of Orbiter
Vehicle ground power following landing. Ground power shall be available
to the Payload until the Orbiter Vehicle is moved from the safing area
-(nominally 12 hours following landing).

Power shall be available to the Payload at either the airlock
docking port or within the cargo bay - but not at both locations simultaneously.

-3v4.-3 - Total- Energy .-...

A maximum of 20 KWH of electrical energy shall be provided by
the Orbiter Vehicle to the Payload from the Orbiter Vehicle's fuel cells.

C-8
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3.4.4 Power Level

Power supplied to the Payload shall not exceed (1) an average
of 500 watts in any period of (TBD) duration, and (2) a peak of 800 watts
for-as many as (TBD) seconds in any (TBD) second period.

3.4.5 Voltage Characteristics

DC power shall be supplied to the Payload with the characteristics
shown in Figure 3.4-2. Nominal voltage is 28V, with a ripple of 4V peak-to-
peak (MIL-STD-704A).

3.5 COMMUNICATIONS

3.5.1 Hardline Communications (Attached Payloads)

3.5.1.1 Connectors Between Orbiter and Payload - --

Standardized connectors shall be structurally mounted on the
Orbiter Vehicle, at both the airlock docking port and within the cargo bay,
to provide communications between the Orbiter Vehicle and the Payload. The

- --- standardized connectors shall have the locations and characteristics shown
- n Fi 3gu re -31. - ,.- D --- Genectrs-between-the-P-ay4oad-and-payload-suppi red--

displays and controls (located in the Orbiter Vehicle's personnel compartment)
are described in section 3.9.1.

-- The standardized connectors for Orbiter/Payload communications
shall consist of three links. Each link shall be cabled separately from
the others, and each shall consist of six twisted wire pairs (each'pair
being shielded), and one coax transmission line.

3.5.1.2 Availability

Hardline communications between the Orbiter Vehicle and the
Payload shall be available during the period of electrical power availability,
as specified in section 3.4.2. Each communication function shall be
available to the Payload at either the airlock docking port or within the
cargo bay - but not at both locations simultaneously.

3.5.1.3 Data and Commands

Two of the six twisted pairs in each communication link shall be
util-ized-to provide two-way data and/or commands. Functions shall be as
specified in section 3.6. Electrical characteristics of the data/command
lines shall be as specified in Table 3.5-1 (TBD).

C-9
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.- .y o , s . . . .. . T.- in each communication link shall be

S. . ...... ,,;, :. Provision shall be made for use
-.. c- n.. t-o enable communication over these .

.,v load and the ground. Electrical
. .. : ,v, . . i as specified in Table 3.5-2.

3. " Vol ,. ristics

Pdance (micrg,.. ',- '- i:d 600 +60 ohms at 1 Khz

-,;.Response - 30 to _atwiLthi.n_4dh . I

-. .. . ... . :ch channel shall be 52 db
rt-ween the -microphone and

db minimum.

S: -: . , , ; .rdline link shall -not .....

..ency range- from.300.-Hz to-3 Khz.--

: . in-e-frbm mnusdt upl s db -
Earphone line from +14 db to 26 db

na y.

smissio, Line

ransmiss, ne shall provide the Payload with access
je's S-bar. n -.- subsystem. The signal characteristics

.:-ecified in Tati-

Cr. , -rs: Actual Limits

Frequ,., -y TBD 2 GHz to 2.3 GHz

,RF .. TBD 2 watts max. at the
antenna.

np. . nc 50 ohms See VSWR
..m ina lly . . . . . .

V TBD 2:1 max.

.. .... ! TBI-) TBD"

. -3, Co:x Tr- ? - ssic- .ine Characteristics
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:hed Payloads)

- etwten the Orbiter Vehicle and the detached
,*,j *.i*.< ,, ing .rndezvous and the on-orbit mission phase.

• cy ,r etween the Orbiter Vehicle and the detached
• ;. ... tk the mission-specified communications-

-, . outside elements (e.g., Space Station and

-Vo ice

'" c . , e.d voice, the principal Orbiter/Payload
- . 4It' i n i-ble 3.5-4.

Aer Signal Characteristics

VALUE

2287.5 MHz

2106.4 MHz

10 w

i ~~~~~~~~~...' ........... : . , .. .", .'

(TBD)

0 db (min. 85% of
, 41 steradians)

Right Hand Circular

c... '-n 1he principal Orbiter/Payload RF link
: ,5-5 (TBD). Data and commands shall be

SI , S. -xceed 5 Kbps. Voice shall be two-way

S ommr~d equipment shall have access to the
. . R i: I .nk. Mechanical, electrical, and functional

(cCt TB a)re (TBD).

"" . ... ."" r ncipal Orbit /Payload RF link, the "--
a . .e avalable on , non-interference basis:

-smit arnd receiv. on any of 20 (min)
l.. ,neis between MHz and 400 MHz.

s I. voice. Norm, service between
.tr Vehicles nd beiween Orbiter

.r- Ti!raffic Contr -

C-12
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3.5.2.2 Continued

(2) VHF/FM. Transmit between 148 and 150 MHz, and
--... receive between 136 and 1.38 MHz. One channel of

two-way duplex voice or a maximum data/command
rate of 2000 bps (functions can be time-shared).
Normal service between Orbiter Vehicle and the
Tracking and Data Relay Satellite (TDRS).

Additional details about these links are (TBD).

3.5.2.3 Tracking and Transponding

The o rter Vehicle sha t-transm-i-t-a t1a kinyg-na and .
receive a transponded turn-around signal from the Payload for range and

range rate determination. The carrier signal shall be S-band, phase
modulated, with tone or PRN ranging; details are (TBD). Accuracies

- shall be as specified in-- section 3.7.1.3;. . -

The Orbiter Vehicle shall be capable of transponding a Payload-
enerated tracking signal. The tracking signal- transmission and m6dulation

_ PRN) shall be compatible with the Orbiter's USBE. Carrier signal charac-
t__e_ e tics shall be as specified in Table 354.

3.6 INFORMATION MANAGEMENT

3.6.1 Relationshirswith the Orbite~- Vehicl-e's In t-erated Avionics

..... . For attached Payloads, information management--shall utilize the

hardline data/command links described in section 3.5.1.3. The hardline
data/command links shall interface with the Orbiter Vehicle's integrated
avionics through an ACT/Select Buffer, as shown ..in Figure 3.6-1, thereby

*providing asynchronous Orbiter/Payload information management (i.e., each
side of the interface shall be independent). .

For detached Payloads, information management shall utilize-
the RF link described in section 3.5.2.2..- This RF link shall interface
with the Orbiter Vehicle's integrated avionics through the:-telemetry
function ofothe communications system and an ACT/SelectBuffer, as shown

in Figure 3.6-1. .......

3..6.2 Capacities and Formats

The Orbiter Vehicle shall allocate 2000 words of mass memory
for payload-supplied computer programs and data. Memory word size shall be

36 bits, which includes four data bytes of eight bits each. Nominal Orbiter
Vehicle processing rate shall be 5000 operations/second. Maximum rate shall
be 10,000 operations/second.

For attached Payloads, the bit rate between the Payload and the

ACT/Select Buffer shall not exceed 5000 bps (simplex). For detached

C-13
SD 71-127



Co.kpit,
8K S K 8K DivpContro

I V.

I •

Booster SelCt 6 ultifunction

Buffer lDisplaysPwr it
IComm ControlCPU

1 IC

Ground Select Mass

Buffer MemorY
ACT/CT ACT ACT A

DFI Select
0a Buffer

ACT/ ACT 'ACT ACT ACT ACT ACTACT/

Payload. Select
Buffer

El

- Gimballed Nav/Guid Main Vehicle
SaACT/ IMU Aids Eng. Cont. ACPS OMS Subsyst.

- Select
iTelemetry I Buffer-

(Comm) I A

ACT: Acquisition, Control and Test (Unit)
ACPS: Attitude Control Propulsion System
BCU: Bus Control Unit
CPU: Central Processing-Unit
DFI: Development Flight Instrumentation ,
OMS: Orbit Maneuvering System:

Figure 3.6-1. ORBITER VEHIC E DATA MANAGEMENT RELATIONSHIPS .

f.



3.6.2 Continued

Payloads, the bit rate between the Payload and the Orbiter Vehicle's
communications system shall not exceed 5000 bps (simplex).

For both attached-and detached Payloads, the bit stream shall
consist of bits of 200 ,sec duration. Bits shall be grouped in bytes of
nine bits each (including one parity bit per byte). Additional bit stream
characteristics shall beas specified in Table 3.6-I (TBD).

3.6.3 Functions

Utilizing the computer program capacity described in section
. 3.6.2 and the general purpose displays and controls, the Orbiter Vehicle

shall be capable of performing the information management functions des-
cribed in sections 3.6.3.1 through 3.6.3.6.

3.6.3.1 Telemetry Routing

For attached Payloads, the Orbiter Vehicle shall be capable of
S .routing the 5000 bps Payload bit stream to (or from) the Orbiter

Vehicle's communications system. The communications system shall be capable
.. _ _of-routing--th is.. b i.- --st-ream-ot (F-fd. -und.

3.6.3.2 Checkout of the Payload

TheOrbiter Vehicle shall be.capable.of checking out--the Payload
(either attached or detached Payloads).

3.6.3.3 Payload Status and Performance Monitoring

The Orbiter Vehicle shall be capable of monitoring Payload
status and performance data (either attached or detached Payloads).

3.6.3.4 Payload Data Display

The Orbiter Vehicle.shall be capable of displaying Payload data
on the general-purpose displays (either attached or detached Payloads).

3.6.3.5 Guidance and Navigation Data Exchange

For attached payloads, the Orbiter Vehicle shall be capable of
..... exchanging guidance and navigation data-with the Payload. .-Uncertainties

in Orbiter Vehicle data shall be as specified in section 3.7.1.

3.6.3.6 Commands to the Payload

The Orbiter Vehicle shall be capable of commanding the Payload,
and receiving command confirmation (either attached or detached Payloads).

C-15
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3.7 ON-ORBIT GUIDANCE, NAVIGATION AND CONTROL

3.7.1 Guidance and Navigation

3.7.1.1 Position and Velocity Uncertainty

At the time of a state vector update, the one-sigma uncertainty

in Orbiter Vehicle position and velocity shall not exceed the limits pre-

sented in Table 3.7-1.

Table 3.7-1. Position and Velocity Uncertainty

r Parameter I
-_Compne _ Position Velocity

Lim

Altitude +0.25 n mi +1.5 ft/sec

In-track +0.5 n mi +0.6 ft/sec

-1 Cross-track +0.5 n mi +3.0 ft/sec

3.7.1.2 Attitude and Attitude Rate Uncertainty

.. ---- At-the t-ime of a stellar update, the one-sigma uncertainty in ..

Orbiter Vehicle attitude shall not exceed +0.10 about each axis (pitch,

roll, yaw).

The one-sigma uncertainty in Orbiter Vehicle attitude rate

shall not exceed +0.010 /sec about each axis (pitch, roll, yaw).

3.7.1.3 Cooperative Target-Tracking Uncertainty

When the Orbiter Vehicle is tracking a cooperative target as

specified in Section 3.5.2.3, the one-sigma tracking uncertainties shall

not exceed the limits presented in Table 3.7-2.

. .Table 3.7-2. Tracking Uncertainty

PARAMETER 'UNCERTAINTY
At 30 n mi At 500 ft

Range +0.1 n mi +5.0 ft

Range Rate 710 ft/sec +0.1 ft/sec

C-16
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In addition to range and range rate information, the Orbiter Vehicleshall be capable of optically determining the bearing angle to the target;the one-sigma bearing angle uncertainty shall not exceed +0.020.

3.7.2 Control

3.7.2.1 Translation Control

Orbiter Vehicle translation control rates shall be as specified
In Table 3.7-3.

Table 3.7-3. Translation Control Rates
(Attitude Control Propulsion System Thrusters)

Orbiter Minimum Maximum Minimum
Axis Acceleration Acceleration Velocity.. .. . ..... . elocIty..

.... .......__ ___ ; Increment

X i0.26 ft/sec2  0.78 ft/sec2  0.026 ft/secY- 0.52 ft/sec2  1.56 ft/sec2  0.052 ft/sec
S- I _ Z_ 0.26 ft/sec 2  0.78 ft/sec2  0.-026 ft/sec

3.7.2.2 Attitude Control

.. The Or 7ter Vehicle shall be capable of pointing the Payload
at the earth or any celestial object.

The Orbiter Vehicle shall have selectable attitude dead-bands
of +0.50, +100, and +450.

Orbiter Vehicle attitude control rates shall be as specified
--in Table 3.7-4.

Table 3.7-4. Attitude Control Rates

Orbiter Minimum Maximum Minimum
Axis Angular Angular Angular

Acceleration Acceleration Velocity
Increment

X (roll) 0.50/sec2  1.00/sec 2  0.050/secY (pitch, 0.50/sec2  1.00/sec2  0'.05 0/sec
Z (yaw) 0.60/sec2  1.80/sec2  0.06 0/sec

C-17
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3.8 EXTERNAL ILLUMINATION

3.8.1 Orbiter Vehicle

External illumination on the Orbiter Vehicle shall be provided
at th~e locations shown in Figure 3.8-1 (TBD). The characteristics of the
illumination shall be as specified in Table 3.8-1 (TBD).

External illumination on the Orbiter Vehicle shall be

available on request from the Payload, subject to (TBD) constraints.

3.8.2 Payload

External illumination on Payloads to be retrieved by the Orbiter
Vehrice-sha]I--be-. provided-as-shown-i-n- Figure-3.-8-2--(TBD)-.---The-characteri-st-i-cs

.. .of-the illumination shall be as specified in Table 3.8-2.

. . . External illumination on the-Payload --shall be available on
._rrequest.from the. Orbiter Vehi.cle, .subject to-(TBD) constraints. ..-

3.9 ...- PAYLOAD-SUPPLIED DISPLAYS AND CONTROLS ... .-.. . .

:3.9. Connectors Between Payload and Payload-Supplied Displays and
Li---..Controls ---- - -

Standardized connectors shall be structurally mounted on the
Orbiter Vehicle, at both the airlock docking port and within the cargo bay,

---- - to provide-hardline-transmission between the Payload and-payload-supplied
-displays and controls (mounted in the Orbiter Vehicle'-s personnel compart-

-.ment, as specified in section 3.9.2). The standardized connectors shall
have the locations and characteristics shown in Figure 3.9-1 (TBD).

3.9.2 Provisions in the Orbiter Vehicle's -Personnel Compartment

-------- - Within the Orbiter Vehicle's personnel compartment, at the left-
hand-side Cargo Specialist station, payload-supplied displays and controls
shall be accommodated within 1.5 cubic feet and 560 square inches of panel

S area. Mounting connections and connectors with lines running to the payload
shall be as specified in Figure 3.9-2 (TBD). Power for the payload-supplied
displays and controls shall be provided by the Payload. - -

C-18
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4. INTERFACE DESIGN CRITERIA,

4.1 ENVIRONMENTAL CONDITIONS

Design of the interface(s) between the Orbiter Vehicle and Payload
.il --be based on the requirement that the two elements be capable of
operating in the natural and induced environments specified in Paragraphs
3.2.7.1 and 3.2.7.2 of the "!'System Specification for a Space Shuttle System,"
except as specified in the following paragraphs of this section.

4.2 CARGO BAY ENVIRONMENT

4.2.1 Purge and Vent

.......... The cargo bay will be purgedwith dry gaseous nitrogen (GN2 )
.prior to .1 iftoff. The..GN 2 dew. point wi ll be -650 F; -temperature will be

. 75 +-50 F; pressure will be 17 + I psia. . . .

The cargo bay will be vented during launch and entry, and will "
be unpressurized during the'orbital phase. The pressure differential
between the cargo bay and .the external environment .wi ll notlexceed 2 psi.-

42.2 - Te-mperature . .

SThe internal wall temperatures- for the cargo bay will lie-
within the..limits presented in Table 4.2-1. . .. -

4.2.3 Flight Loads

Orbiter flight load factors will not exceed the limits presented
In Table 4.2-2.. (Load factorsAin -.Tble -4.2-2 are quasi-steady ..state and are
equal to the total externally applied. load divided by the total vehicle
weight; factors carry the signs of the externally applied loads... _

The load factors were computed using rigid body analysis methods.
In these preliminary studies estimated dynamic magnification factors were used
to account for elastic body-effects. These factors are summarized in Table
4.2-3. For design purposes, payload planners should use the product of the
load factors in Table 4.2-2 and the magnification factors in Table 4.2-3..)

4.2.4 Acoustics

The nols'e level in -the...cargo bay will not exceed 153 db. The
associated acoustic spectrum is presented In Figure 4.2-1. (For design
purposes, payload planners should assume a duration of 30 seconds for the
given spectrum, starting at Booster Vehicle engine ignition.)

C-19
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T4ble 4.2r . TEMPERATURE. LItITS. FOR T A NTE .W!ALS 0 THE CARGO BAY

Payload External Cargo Bay Doors (OF)

Surface Temperature Prela nch * Launch On-Orbit Iors Cloed On-Orbit (Doors Open) Entry

(OF) Min M"x Min Max Min IA. Min Max Min " Max

100 80 120 80 150 -100 150 N/A** N/A** -100 250

70 50 120 50 150 -l100 150 N/A N/A -100 250

0 -20 120 -20 150 -100 150 N/A N/A -100 250

-300 -100 120 -100 150. -150 150 NA N/A -150 250

-420 -100 120 -100 150 -150 150 NA N/A -150 250

Other Cargo Bay Areas (Side , Bottom, Ends) (OF)'' ,

Payload External ' .

Surface Temperature Prelaunch Launch On-Orbit(oors Closed) On-0 bit (Doors Open) Entry

(OF) Min Max Min Max Min Max Min Max Min Max

100 80 120 80 130 0 130 0 130 0 200

70 50 120 130 -25 130 -5. 130 -25 180

0 -20 120 -20 130 -75 130 -5 130 -75 160

-300 -290 120 -290 130 -300 130 3 130 -300 150

-_42o -290 120 -290 130 -420 130 -420 130 -420 .150-- 1 -- o o-po ',

* Cargo Bay is purged with dry GN2 for ground thermal conditioning For bare LH2 tanks, special provisions

(e.g.,He purging)will be required to prevent liquid air formation

* The exposed surfaces of the payload will be subjected to the dee space environment which includes a black

body radiation sink at 40K and direct sun radiation.
P L



. Table 4.2-2. Orbiter Limit Load Factors

LOAD FACTOR ( 's) ...
CONDITION X Y Z

Liftoff 1.6 +0.5 -0.5
.High Q Boost 1.9 0.35 (+0.5

(-0.7
Booster End Burn 3.0 +0.1 -0.5
Orbiter End Burn 3.0 +0.1 -0.5
Entry +0.25 +0.5 -2.5
Flyback_ +0.25 +0.5_ (±_L0_

(-2.5

.Landing & Braking (+0.8 +0.5 -2.5 *
(-1.0

* Consists of 1.0 g of aerodynamic lift,

plus 1.5 g's of landing impact loads.'
See Section 4.2.6 (Shock) for a time-
history description of the landing impact loads.

Table 4.2-3. Dynamic Magnification Factors

CONDITION* MAGNIFICATION FACTOR.. .. . .... COND IT ION* . . . ., .. , .
. . . . . . .

x Y,Z

High Q Boost 1.1 1.2
Booster End Burn 1. - 1.1

. . Orbiter End Burn 1.1 - - 1.1
Landing 1.2 1.2

* For other conditions listed in Table 4.2-2,
the dynamic magnification factors equal 1.0
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Figure 14.2i 1. CARGO BAY ACOUSTi SPECTRUM
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4.2.5 Vibration

The vibration transmitted to the Payload in the cargo bay will
not exceedTBDg-rms (65,000 pound payload, attached as discussed in Section

- --33;5). -The associated vibration spectrum is presented in Figure 4.2-2CTBD).
(For design purposes, payload planners should assume a duration of 120
seconds for the given spectrum, starting at Booster Vehicle engine ignition.)

S. 4.2.6 Shock

Landing shock will not exceed 1.50 g's in the minus Z direction.
The landing shock criterion is presented in Table 4.2-4 (rectangular pulses
in the minus Z direction, with probability of occurrence per landing).

Table 4.2-4. Landing Shock--

SAcceleration Duration Probabil i ty

0.23 g peak 170 m sec 0.18
. - 0.28 280 0.29-

-0.35 - - 330 . 0.26 --

0.43 360 0.15 -

---- -. ..-.. - 56 .. -.. ...... 350 - o-0-.08 -

0.72 320 0.03
1.50 260 0.01

Other shock criteria are (TBD).

4.3 OUTGASSING AND EFFLUENTS

(TBD)

4.4 ELECTROMAGNETIC INTERFERENCE

The Payload will satisfy MIL-STD-461 and MIL-STD-462, such that
interference and all applicable interface requirements do not exceed the
limits of MIL-STD-461.

4.5 PAYLOAD SAFETY CRITERIA

-- - - - (TBD)
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1. SCOPE

.-2 h Ibs Interface Definition Document identifies and defines RF communi-
cations interfaces among elements of the Space Shuttle System, and
between Space Shuttle elements and elements of other systems. It also
allocates the interfaces to ICD's which will be required during Phase

... .C-D to control these interfaces.

2. APPLICABLE DOCUMENTS

This Interface Definition Document is an interim document which summarizes
the communications interfaces until such time as they can be stabilized
and--ntrol-1ed S i Spec-if icati-cNo. SSi6 T3M0T Ss-tenFec atTo f6
a Space Shuttle System. Consequently, this document shall comply with
all applicable requirements of the System Specification.

.-3 --.... INTERFACE DEFINITION -

RF communications interfaces affecting the Shuttle System are depicted
in the Schematic Block Diagram in Figure 3-1. -Additional defI.nttion-of.
the interfaces is includedin Table 3-1. The folowngiis a listof
ICD's projected during Phase C-D to control these interfaces: -

-A. ICD - Booster Vehicle to Orbiter Vehicle
B. ICD - Booster Vehicle to Manned Space Flight Network (TBD)
-C. ICD - Booster Vehicle to Air Traffic Control (TBD)

D. ICD - Orbiter Vehicle to Payload
E. ICD - Orbiter Vehicle to Space Station --

F. ICD - Orbiter Vehicle to Manned Space Flight Network (TBD)
G. ICD - Orbiter Vehicle to Air Traffic Control (TBD)
H. ICD - Orbiter Vehicle to Tracking Data Relay. Satellite (TBD).
I. lCD - Payload to Space Station (TBD)
J. ICD - Payload to Manned Space Plight Network (TBD)
K. ICD - Payload to Tracking Data Relay Satellite (TBD)
L. ICD --Booster Vehicle to Search and Rescue Vehicles (TBD)
M. ICD - Orbiter Vehicle to Search and Rescue Vehicles (TBD)
N. ICD - Booster Vehicle to Landing Sites
0. ICD - Orbiter Vehicle to Landing Sites

The letter preceding each ICD is also used to cross-correlate the inter-
.faces and controlling ICD's in Figure 3-1 and Table 3-I. Correlation .
of individual interface functions with operational and/or flight test
use is also indicated in Table 3-1.

D-i
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Table 3-1. Space Shuttle RF Communications! I r es

L~O~&.--Uo V)I -L G);-' - " C
L01i Ln UX *n & -
).- 0 .0 >%(a WL Wn C

Transmission from Communications Description F equency (MHz) ,-Ito -L l0__ 
__ _ 

LL.f cn10, Z 1'.J" --~ .-

Booster Vehicle S-Band One-Way'Data TBD (210012300) X' B'

UHF Two-Way Simplex Voice TBD (225-400) XX A BC L N:

S-Band Interrogator (PRS) TBD (2000-2100) XX C I N

L-Band Transponder 1090 X;X C

Continuous-Signal Beacon 243 XX L

Orbiter Vehicle S-Band Data 2287.5 XI D E F

S-Band Data 2272.5 iX E F

S-Band Voice 2287.5 X D E 'F

S-Band Voice 2272.5 X EF

UHF Two-Way Simplex Voice TBD (225- 00) - X X:A F G M0

S-Band Interrogator (PRS) TBD (200 -2100) X X DE G 0

L-Band Transponder 1090 X X

SVHF/FM Two-Way Duplex Voice XX H

or Data TBD (136" 52)

Continuous-Signal Beacon 243 XX

Payload S-Band Data TBD X I J K

S-Band Transponder (PRS) T, BD (2000-2100) X X

Space Station S-Band Data TBD X

S-Band Voice TBD X

S-Band Transponder (PRS) TBD (2000-2100) X X
4MSFN (Manned S-Band Two-Way Data 2106.4 XX JF

Space Fit Net) S-Band Two-Way Duplex Voice 2106.4 XX F

S-Band Tracking (PRN) 2106.4 XX F J

ATC (Air Traffic UHF Two-Way Simplex Voice TBD(225-400).: XX I

Control) S-Band Ground Transponder' TBD (2000-2100) X X C

L-Band interrogator 1030 X X C G

TDRS (Tracking VHF/FM Two-Way Duplex Voice

Data Relay Sat) or Data TBD (136 152) X X!
S-Band Two-Way Simplex Data TBD ' K

Landing Sites Precision Ranging TransponderTBD(2000 2100) XX 0 P

!77 ' •
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Figure 3-1. Schematic Block Diagram Space Shuttle RF Communications
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1. SCOPE

This niterface Definition Document identifies and defines Launch Operations
Complex interfaces between the Space Shuttle System Flight Vehicles (Booster,
Orbiter and Payload), the Support Equipment, and the Facilities. It is in prelim-
inary form, defining vehicle to support equipment and support equipment to facilities
interfaces in gross terms.

2. APPLICABLE DOCUMENTS

This document complies with all applicable requirements of the following

documents.

-. -(a) .Space Shuttle System Specification, SS613M0001

(b) Space Shuttle Ground System Specification, 76Z0501..

--...(c) -Space Shuftle Booster Specification 76Z0500-

(d) Space Shuttle Orbiter Specification, CP613M0002

3. INTERFACE DEFINITION

Launch Operations Complex functional interfaces for major mechanical, fluid,
electrical and avionic subsystems are depicted in Figure 3-1. Physical interfaces

between the launch complex and the air vehicles are shown in Figure 3-2.
Interface data is defined in Interface Tables 3-1 and 3-21for the booster and orbiter

respectively to GSE and in Table 3-3 for GSE to facilities.

All vehicle ground interface and GSE to facilities interface requirements shall

be categorized as follows:

(a) Category I - those ground interfaces required to launch, safe, or main-

.. .tain the vehicle in a safe condition, on the launch pad up to first vehicle

motion. These ground connections are designated Rise-off Disconnects

(coded BA for booster and OA for orbiter).

(b) Category II - those ground service interfaces required to service the

vehicle at the launch pad; however, the service can be terminated prior

to, or concurrent with, personnel ingress/egress access swing arm

E-1

SD 71-127



retrieval. These ground service interfaces are designated Swing-Arm
Umbilicals (coded BB for booster and OB for orbiter).

(c) Category III - those external ground service interfaces required for

scheduled vehicle servicing in the M&R area in preparation for launch.

These services are designated External Service Disconnects (coded BC

for booster and OC for orbiter).

(d) Category IV - those internal ground connections required for unscheduled

vehicle servicing in the M&R area. These services are designated

Internal Service Disconnects (coded BD for booster and OD for orbiter).

e) CategoryV-- thoseground services interfaces betweeen the boosterand

orbiter common or dedicated GSE to launch pad, M&R and landing sites

facilities. These services are designated GSE - Facility disconnects

(coded LE for the launch pad, LR for the M&R area and LS for the

landing sites).

E-2 SD 71-127
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TABLE 3-1. LAUNCH OPERATIONS COMPLEX BOOSTER INTER ACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 1 ECS Air Conditioning Cabin & equipment cooling until Thrust Section Fig. 3-1 3" line

life off 34 lbs/min
@ 5 PSIG
400F

BA 2 LO Fill and Drain Supplies LO to Main aid ACPS Thrust Section Fig. 3-1 10" line
Tanks. Allows Gravity Drain to 8500 GPM

Ground Supply
Ii

BA 3 LO Main Engine Provides MPS LO Conditionirg Thrust Section Fig. 3-1 2" line

Bleed and Recirculation 305 GPM

BA 4 LH2 Fill and Drain Supplies LH2 to Main and ACPS Thrust Section Fig. 3-1 10" line
2 2

tanks. Allows Gravity Drain to 9600 GPM
Ground Supply

BA 5 GH Vent Provides Venting of GH from Vertical Fig. 3-1 10" line

Main & ACPS Tanks to Burn Pond Stabilzer Chill Boil
J •11-0 7. O0#/Sec

17.7 15. O0PSIA
530-50 40 R

BA 6 ACPS &APU Gas Provisions for ACPS & APU Vertical Fig. 3-1 10" Line

Generator Exhaust Exhaust to Burn Pond Stabilizer 0. 5(Avg) -
15 (Max) #/sec
20 PSIA , 800 R

50% H2 50% H20
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TABLE 3-1. LAUNCH OPERATIONS COMPLEX - BOOSTER INTElFACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 7 GH GSE Supply GH Supply for ACPS/APU Thrust Section Fig. 3-1 1" line
Accumulator Charge and Main 1. 0 #/Sec (Avg)

0
LH 2 Pre-Press 530 R

2 I 1000 PSIA

BA 8 GO GSE Supply GO Supply to ACPS/APU Thrust Section Fig. 3-i1 1" line

Accumulator Charge 1. 0 #/Se (Avg)
530 oR

I 1000 PSIA

BA 9 GHe GSE Supply GHe Supply for Main Engine Purge Thrust Section Fig. 3-1 1" line

and Engine Controls In-Flight 1.0 #/See
0

Storage 530 R
S3700 PSIA

BA 10 GN for Main GN Supply for.Main Engine Purge Thrust Section Fig. 3-1 1.5" line

Engine Purge 6.0 #/Sec
530 R
725 PSIA

BA 11 GN for Vehicle Supplies GN to Airframe Thrust Section Fig. 3-1 4" line

Conditioning -Compartmens to Provide Inert 28 #/Sec
S Atmosphere and to Prevent Ice 160 F

Accumulation on TPS near LO 150 PSIA
Tank



TABLE 3-1. LAUNCH OPERATIONS COMPL] BOOSTER INT RFACES

I/FIF 
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARPMETER

BA 12 Hydrocarbon Fuel Supplies JP Fuel to the A3ES Thrust Section Fig. 3-1 4" line
Fill & Drain Tanks 3600 #/Min

0
530 R
120 PSIA

BA 13 Ground Electrical Provides Ground Electrical Power Thrust Section Fig. 3-1 115V 400 Hz
Power for Vehicle Systems to Lift-Off 20-30 KVA

3I 0 (Clean)

BA 14 Electrical Ground Provides Airframe Ground Thrust Section Fig. 3-1 Low
Connection Resistance

BA 15 Data Bus #1 Provides Data Path Thm st Section Fig. 3-1 1 MHz
Connection

BA 16 Data Bus'#2 Provides Data Path. Thrust Section Fig. 3-1 1 MHi
Connection

BA 17 Launch Hold-Down Four Holddown Arms for Static Thrust Fig. 3-1
and Release Firing, Launch and Wind Resist- Structure Fig. 3-2

ance on Launch Pedestal i

BA 18 Sway Damping Damping Device Between the LUT Nose Gear Fig. 3-1
S and Booster for Pre-Launch Tie- Support Fig. 3-2

Down Structure ,;



TABLE 3-1. LAUNCH OPERATIONS COMPLE -BOOSTERINTE FACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 19 LH Recirculation Provides Power to Electric Thrust Fig. 3-1 115V 400 Hz
2

Pump Ground Motors Driving the Low Pressure Structure 3 9 120 KVA

Power Supply Turbopumps on the MPS Engines (Facility Power)

to Provide LH Conditioning
2

Bleed Flow

BA 20 Voice Intercom- Provides Hardwire Voice Thrust Fig. 3-1 20 KHz

munications Communications Between Ground Structure
Crew and Vehicle Crew

.1' . . . 1 .

I .L.
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TABLE 3-2. LAUNCH OPERATIONS COMPLEX - ORBITER INTE FACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OA1 LH Tank Pre-Press Chilled GH Supply to Main;LH Aft Fig. 3-1 1500 psig
2 Tank Pre-press 2100 lb/min

-250oF

OA2 LH Fill and Drain Provide LH for Main and OMS Aft Fig. 3-1 5922 lb/min
2 2

Tanks - Provide Drain and Purge I Fig. 3-3 (max)

Capability (10, 000 gpm)
S25 psig

-423OF

OA3 ACPS GH2 Fill Provides Ambient GH 2 to ACPS Aft Fig. 3-1 1250 psig

Accumulator Fig. 3-3 Ambient

OA4 Hydraulic Pump Provides power for driving! Aft Fig. 3-1

Ground Electric hydraulic pumps during pre-launch Fig. 3-3

Power

OA5 On-Orbit GH Vent Provides Secondary Vent for Main Vertical Fig. 3-1

2 and OMS LH Tanks to Safe Stabilizer Fig. 3-3
2

Disposal

OA7 GH 2 Hot Gas Exhaust Directs Hot GH from GG and APU Vertical Fig. 3-1 60 lbs/min
2r to Safe Disposa. Stabilizer Fig. 3-3 GH 2/H 20

20 psia
350oF



TABLE 3-2. LAUNCH OPERATIONS COMPLE - ORBITER INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OA8 LO Tank Pre-Press Provide Chilled GH to Pre-Press Aft Fig. 3-1 1500 psig
2 LO Tank e Fig. 3-3 100 lb/min

2 -250 F

OA9 LO Fill and Drain Provide LO for Main and OMS Aft Fig. 3-1 50 psig
2 2

Tanks - Provide Drain and Purge Fig. 3-3 47,320 lbs/min

Capability (5000 gpm) max
-297oF

OA10 Vehicle Purge GN 2 for Purging Vehicle - Aft Fig. 3-1
Non-Pressurized Volumes Fig. 3-3

OAll Ground Electrical Provides Ground Electrical Power I Aft Fig. 3-1 400 Hz

Power No. 1 Fig. 3-3 120/208 Vac

OA12 Instrumentation! I Provides Data & Communication Aft Fig. 3-1
Communication No. 1 Path to Vehic Fig. 3-3

OA13 ACPS GO 2 Fill ,  Provides Ambient GO to ACPS Aft Fig. 3-1 1250 psig
Accumulator Fig. 3-3

OA14 Ground Electrial Provides Ground Electrical Power Aft Fig. 3-1 400 Hz

Power No. 2 Fig. 3-3 120/208 Vac

OA15 Instrumentation Provides Data & Communication Aft Fig. 3-1
Communication No. 2 Path to Vehicle i Fig. 3-3



II -
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TABLE 3-2. LAUNCH OPERATIONS COMPLEX -ORBITER INT]RFACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OA16 Vehicle Ground Provides Single Point Ground Aft Fig. 3-1
Fig. 3-3

OA17 Helium Fill Provide GHe Pressurant Aft Fig. 3-1
Fig. 3-3

OA18 N2 Main Engine Aft I Fig. 3-1

Ground Supply Fig. 3-3

En

I -I

I. , -

*1.

l .i :. .

T . .,



TABLE 3-2. LAUNCH OPERATIONS COMPLE - ORBITER INTE FACE

- I/F

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OB1 PGS LH 2 Fill No. 1 Fill/Drain PGS LH 2 Super Critical Mid body Fig. 3-1
2 2

Storage #1 Fig. 3-3

OB2 PGS LH Fill No. 2 Fill/Drain PGS LH 2 Super Critical: Mid body Fig. 3-1
Storage #2 Fig. 3-3

OB3 Hydrocarbon Fuel Mid body Fig. 3-1

Tank Press Fig. 3-3

OB4 Primary Hx Coolant Provide Ground Coolant to Vehicle Mid body Fig. 3-1

Supply Primary Hix Fig. 3-3

OB5 Secondary Hx Coolant Provide Ground Coolant to' Vehicle Mid body Fig. 3-1

Supply Secondary Hx Fig. 3-3

OB6 PGS LH2 Vent #1 Vent PGS LH 2 Super Critical Mid body Fig. 3-1

Tank #1 During Filling and Purge Fig. 3-3

OB7 PGS LH2 Vent #2 Vent PPS LH2 Super Critical Mid body Fig. ' ,

Tank #2 During Filling and Purge Fig. 3-3

OB8 Fuel Cell GH 2 Purge Direct Fuel Cell Hydrogen Gas Mid body Fig. 3-12ig .- 3
to Safe Disposal Fig. 3-3

OB9 Primary Hx Coolant Provide Return for Ground Coolant Mid body Fig. 3-1

Return to Vehicle Primary HIx Fig. 3-3



TABLE 3-2. LAUNCH OPERATIONS COMPLE - RBITER INTE FACES

I/F I/F

CODE FUNCTION DESCRIPTION " LOCATION DWG/FIG PARAMETER

OB10 Secondary Hx Coolant Provide Return for Ground Coolant Mid body Fig. 3-1

Return to Vehicle Secondary Hx Fig. 3-3

OB11 PGS LO2 Fill #1 Fill/Drain POS LO Super Critical Mid body Fig. 3-1

Storage #1 2Fig. 3-3

OB12 PGS LO Fill #21 Fill/Drain PGS LO 2 Super Critical Mid body Fig. 3-1

Storage #2 Fig. 3-3

OB13 GH 2 Vent .Provide GH2 Vent for Main Tanks Midbody Fig. 3-1
Fig. 3-3

OB14 Hydrocarbon Fuel Fill and Drain Hydrocarbon Fuel Mid body Fig. 3-1

Fill Tank Fig. 3-3

OB15 PGS LO Vent #1 Vent PGS LO Super Critical Mid bo Fig. 3-1
2 Tank #1 During Filling and Purge i Fig. 3-3

OB16 PGSLO Vent #2 Vent PGS LO 2 Super Critical Mid body Fig. 3-1

Tank #2 During Filling and Purge Fig. 3-3

OB19 GO Purge Vent Fig. 3-1
I Fig. 3-3

OB21 H20 Vent Mid body Fig. 3-1
2 I Fig. 3-3

S !• I I _ _ _ _ _ _ _ _ _ _

________________ - - a I U " - SN.



TABLE 3-2. LAUNCH OPERATIONS COMP IEX - ORBITER INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION UWG/FIG PARAMETER

OB23 Cargo Fill and Mid body Fig. 3-1

Drain (LO2 Fig. 3-3

OB24 Cargo Vent (LO Mid body Fig. 3-1
Fig. 3-3

OB25 Cargo Fill and Drain Mid body Fig. 3-1

(LH Fig. 3-3
L 2)

OB26 Cargo Vent (H
OB26 Cargo Vent ( I2 Mid body Fig. 3-1

Fig. 3-3

En
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TABLE 3-3. LAUNCH OPERATIONS COMPLEX GSE/FACILITY INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LE-01 Electrical Ground Provides pre-launch common

ground for Booster and Orbiter

LE-02 Electrical Power Interconnects launch site facility

power to booster/orbiter electrical
power conditioning GSE.

LE-03 Data bus Interconnects booster/orbiter
Data busses #1 and #2 to LCC

launch and checkout functions
through the Pad Terminal Con-
nection Room.

LE-04 LN 2 Supply Interconnects LN2 pumping unit
to the mobile launcher pre-press

gas chiller.

LE-05 ECS Water/Glypol Interconnects facility ECS

Supply water/glycol supply to mobile
launcher water/glycol coolant

unit (orbiter only).

1 *

I _ _ __ _ _



TABLE 3-3. LAUNCH OPERATIONS COMPL X - GSE/FACILIT INTERFACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LE-06 ECS Water/Glycol Interconnects facility ECS
Return water/glycol return to mobile .

launcher with/glycol coolant unit
(orbiter; only)

LE-07 ECS Conditioned Air Interconnects facility ECS syste
to orbiter Conditioned Air Valve
Unit on mobile launcher.

LE-08 ECS Conditioned Air Interconnects facility ECS syster
to booster Conditioned Air Valve
Unit on mobile launcher.

LE-09 GN Purge Supply Interconnects facility converter
compressor to Mobile Launcher
Nitrogen Purge Unit.

LE-10 GHe Supply Interconnects facility GHe storage
.4to mobile launcher Pneumatic

Distribution Unit



I I

TABLE 3-3. LAUNCH OPERATIONS COMPLEX -GSE/FACILIT INTERFACES

I/FI

CODE FUNCTION DESCRIPTION, LOCATION DWG/FIG PARAMETER

LE-11 GN 2 Supply Interconnects facility GN storage
G2  

G 2 strg
to mobile launcher pneumatic.

distribution unit.

LE-12 Mobile Launcher Interconnects facility water sup ly

Hydraulic Supply to mobile launcher hydraulic

supply unit.

LE-13 Mobile Launcher Provide mobile launcher fixed

t!I supports to the launch pad. I

LE-14 Emergency Escape Interconnects crew and passeng r

Provisions emergency escape provisions o

the mobile launcher to the launc

pad blast protection area.Ent
LE-15 PGS LH Supply Interconnects PGS LH 2 transpo ter

2 2
to the mobile launcher PGS LH2

valve unit (Orbiter only)

2 2
LE-16 POS LO 2 Supply Interconnects PGS LO_ transpo ter

to the mobile launcher PGS LO 2

valve unit (Orbiter only).

I ______________________________________



TABLE 3-3. LAUNCH OPERATIONS COMPLEX - GSE/FACILITY NTERFACES II/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LE-17 Hydrogen Disposal Interconnects the booster APS &.

APU gas generator exhaust ducting

on the mobile launcher to the

facility hydrogen disposal systen.

Also provides orbiter APU GN 2  
:

exhaust. interconnect.

LE-18 LH Vent (Orbiter) Interconnects the facility
2 hydrogen disposal system to the

mobile launcher orbiter LH valve
unit.

LE-19 LH Vent (Booster) Interconnects the facility hydrog n
2 - idisposal system to the mobile ,

launcher booster and orbiter LHI

valve units.

cn
SLE-20 . LH Storage Vent Interconnects the LH storage

2 * facility to the booster and orbite

mobile launcher LH valve units.

LE-21 GH2 Supply Interconnects the GH2 storage
facility to the mobile launcher

booster and orbiter GH2 valve
"units.



TABLE 3-3. LAUNCH OPERATIONS COMPLEX GSE/FACILITY ITERFACES

I/F I/F

CeODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LE-22 LO Supply - Interconnects the LO storage
Rapid Fill facility to the mcbile iauncher

booster and orbiter LO valve
units. 2

LE-23 LO Supply - Interconnects the LO storage
2

Fine Fill facility to the mobileilauncher
booster and orbiter LO valve

2
unit.

LE-24 LO Disposal Interconnects the facility LO2
catch tank to the mobile launcher
booster and orbiter LO valve
units.

LE-25 GO 2 Supply Interconnects the GO storage
facility to the mobile-auncher

booster and orbiter GO 2 valve i

unit.

LE-26 Hydrocarbon Fuel Interconnects the hydrocarbon

Supply fuel storage facility to the mobile
launcher booster and orbiter
hydrocarbon fuel valve units.

___.___ __ _ _ _ _ __ _ _ _ _ __ _ _ __ _ _ _
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TABLE 3-3. LAUNCH OPERATIONS COMPLEX - GSE/FACILITY INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LE-27 LO2/GO Recharge Interconnects the LO2-GO2
recharger to the GO2 storage

facility.

I I

Ci-
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1. SCOPE

This Interface Definition Document identifies and defines M&R Operations

Complex interfaces between the Space Shuttle Flight Vehicles (Booster, Orbiter and

Payload), the Support Equipment, and the Facilities. It is in preliminary form
defining vehicle to support equipment and support equipment to facilities interfaces

in gross terms.

2. APPLICABLE DOCUMENTS

This document complies with all applicable requirements of the following

documents:

(a) Space Shuttle System Specification, SS613M0001

(b) Space Shuttle Ground System Specification,--76Z0501 ..

(c) Space Shuttle Booster Specification, 76Z 0500

(dy SpaceShuttle Orbiter Specification, CP613M0002 - -

3. INTERFACE DEFINITION

M&R Operations Complex functional interfaces for major mechanical, fluid,

electrical and avionic subsystems are depicted in Figures 3-1 and 3-2. Physical

.. interfaces between the M&R Complex and the air vehicles are shown in Figure

3-3. Interface data is defined on Interface Tables 3-1 and 3-2 for the booster

and orbiter respectively to GSE and in Tables 3-3 and 3-4 for GSE to facilities.

All vehicle ground interface and GSE to facilities interface requirements

shall be categorized as follows:

(a ... Category I - those ground interfaces required to launch, safe, or main-

tain the vehicle in a safe condition, on the launch pad up to first vehicle

motion. These ground connections are designated Rise-off Disconnects

(coded BA for booster and OA for orbiter).

(b) Category II - those ground service interfaces required to service the

.vehicle at the launch pad; however, the service can be terminated prior
to, or concurrent with, personnel ingress/egress access swing arm

F-1

SD 71-1,7



retrieval. These ground service interfaces are designated Swing-Arm

Umbilicals (coded BB for booster and OB for orbiter).

(c) Category III - those external ground service interfaces required for

scheduled vehicle servicing in the M&R area in preparation for launch.

These services are designated External Service Disconnects (coded BC

for booster and OC for orbiter).

(d) Category IV - those internal ground connections required for unscheduled

vehicle servicing in the M&R area. These services are designated

Internal Service Disconnects (coded BD for booster and OD for orbiter).

(e) Category V - those ground services interfaces between the booster and

-orbiter-common or-dedicated GSE to launch pad; M&R-and landing sites

facilities. These services are designated GSE - Facility Disconnects

(coded LE for the launch pad, LR for the M&R area and LS for the

landing sites). . . .. .. . . ...

F-2
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TABLE 3-1. M&R OPERATIONS COMPLEX - BOOSTER INTE FACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 1 ECS Conditioned Air Ground Cooling for Cabin and Thrust Section, Fig. 3-1 25 lbs/min.

Equipment Areas 40oF

BA 2 LO 2 Fill and Drain LO System Pressurization and Thrust Section Fig. 3-1
2 2

Checkout

BA 3 LO Main Engine Main Engine Bleed System Thrust Section Fig. 3-1
2

Bleed Checkout

BA 4 LH Fill and Drain LH System Pressurizati6n and Thrust Section Fig. 3-1
2 2

Checkout

BA 7 ACPS Accumulator ACPS System and Main LH Tank Thrust Section Fig. 3-1
GH Charge and pre-press System Checkou

Mainm LH Tank
2

Pre-Press.

BA 8 ACPS Accumulator ACPS Accumulator GO 2 System Thrust Section Fig. 3-1

GO Charge , Checkout
2

BA 9 Helium Storage and GHe Pressurization for System Thrust Section Fig. 3-1

Main Engine Purge Checkout

BA 10 GN 2 Main Engine Main Engine System Checkout Thrust Section Fig. 3-1

Ground Purge

_ _ _ _ _.__ _ _ _ _ _ _ _ _ _ _ _ _ I.__ _ _ _ _ _ _



TABLE 3-1.'! M&R OPERATIONS COMPLE - BOOSTER INTERFACES

I/F .I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 12 JP Fuel Tank Fill JP Fuel System Checkout Thrust Section Fig. 3-1
and Drain

BA 13 Electrical Ground Ground Electrical Power for Thrust Section Fig. 3-1
Power Umbilical Systems Operation and Checkout, I

BA 14 Electrical Ground Vehicle to Ground Connection Thrust Section Fig. 3-1
During Checkout

BA 15 Data Bus #1 Ground Data Path to Vehicle DCM Thrust Section Fig. 3-1
Umbilical System

BA 16 Data Bus #2 Ground Data Path to Vehicle DCM Thrust Section Fig. 3-1
Umbilical System

BA 20 Booster Vertical Provisions for Lifting Booster to Forward Sup- Fig. 3-3
Erection Vertical Mate Position port System

BA 21 Booster Vertical Provisions for Lifting Booster to Thrust Fig. 3-3
Erection Vertical Mate Position Structure

BA 22 Vehicle Jacking Provisions for Raising Booster Nose Gear Fig. 3-3
for Landing Gear Ground Opera :Structure
tions I Attachment

-,t



TABLE 3-1. M&R OPERATIONS COMPLE - BOOSTER INTERFACES

1/F I i/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 23 Vehicle Jacking Provisions for Raising Booster Thrust Fig. 3-3

for Landing Gear Ground Structure

Operation Support

BD 1 LH Horizontal LH 2 System Checkout Fig. 3-1

Fill and Drain

BD 2 LO Horizontal LO 2 System Checkout Fig. 3-1

Fi and Drain

BD 3 JP Tank Horizontal JP Fuel System Checkout Fig. 3-1

Fill

BD 4 Hyd. Storage Pressurize Hyd. Systen for Fig. 3-1

Bottle #1 GN Ground Checkout
:2

Charge 2

BD 5 Hyd. Storage Pressurize Hyd. System for Fig. 3-1

Bottle #2 GN Charge Ground Checkout
.2

BD 6 Hyd. Storage Bottle Pressurize Hyd. System for Fig. 3-1

#3 GN Charge Ground Checkout

BD 7 Hyd. Storage Bottle Pressurize Hyd. System for Fig. 3-1

#4 GN Charge Ground Checkout
2

. . . ... .

I -



TABLE 3-1. M&R OPERATIONS COMPLEX! BOOSTER INTER FACES

I/F I/F
CO(DE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BD 8 Hyd. Motor #1 Hook up for GSE Hyd. Motor for Fig. 3-1
Drive Booster Hydraulic System Ground

Operation

BD 9 Hyd. Motor #2 Hook up for GSE Hyd. Motor for Fig. 3-1

Drive Booster Hydraulic System Ground
Operation

BD 10 Hyd. Motor #3 Hook up for GSE Hyd. Motor for Fig. 3-1
Drive Booster Hydraulic System Ground

Operation :

BD 11 Hyd. Motor #4 Hook up for GSE Hyd. Motor for Fig. 3-1
Drive Booster Hydraulic System Ground

Operation

BD 12 Hyd. Cooler # Hook up for Cooling Booster Fig. 3-1
Water Supply Hydraulic System during Ground I

Operation

BD 13 Hyd. Cooler #1 Hook up for Cooling Booster . Fig. 3-1

Water Return Hydraulic System during Ground

Operation

BD 14 Hyd. Cooler #2 Hook up for Cooling Booster . Fig. 3-1

Water Supply Hydraulic System During Ground
Operation

I .t



TABLE 3-1. M&R OPERATIONS COMPLE - BOOSTER INTE FACE

I/F i I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BD 15 Hyd. Cooler #2 Hook up for Cooling Booster I Fig. 3-1
Water Return Hydraulic System During Ground

Operation

BD 16 Hyd. Cooler #3 Hook up for Cooling Booster Fig. 3-1
Water Supply Hydraulic System During Ground

Operation

BD 17 Hyd. Cooler #3 Hook up for Cooling Booster Fig. 3-1
Water Return Hydraulic System During Ground

Operation

BD 18 Hyd. Cooler #4 Hook up for Cooling Booster Fig. 3-1
Water Supply Hydraulic System during Ground

Operation

BD 19 Hyd. Cooler #4 Hook up for Cooling Booster Fig. 3-1
Water Return Hydraulic System During Ground

S Operation

BD 20 ABES Lubrication Fill Pressurized Oil Tank for Fig. 3-1
thru Oil Pressurized Tank Vertical Launch
BD 31 Fill

I -I



TABLE 3-1. M&R OPERATIONS COMPLEX - BOOSTER INTE] FACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BD 32 ABES Lubrication Pressurize BD 20 thru BD 31 Fig. 3-1
thru Oil Tank Tanks for Vertical Launch
BD 43 Pressurization

BD 44 ABES Lubrication Drain Main Oil Tank Before Fig. 3-1

thru Oil Main Tank Drain Vertical Erection
BD-55

BD 56 Hydrocarbon Fuel Drain Residual Fuel and Fig. 3-1

Tank Horizon4l Maintaining Blanket
Drain Pressure in the Tanks

I .J
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TABLE 3-2. M&R OPERATIONS COMPLEX - ORBI ETER INTERFACES

I/F iI/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OAl 112 Tank Pre-Press Standby blanket pressure Thrust sectior Fig. 3-2

OA2 LH2 Fill & Drain Leak and Functional Checkout Thrust Sectiop Fig. 3-2

OA3 ACPS GH2 Fill Leak and Functional Checkout Thrust Sectio Fig. 3-2

OA5 On Orbit GH2 Vent Leak and Functional Checkout Thrust Sectiop Fig. 3-2

OA7 GH2 Hot Exhaust Thrust Section Fig. 3-2

OA8 LO2 Tank Pr e-Press Standby Blanket Pressure Thrust Sectio Figure 3-2

OA9 LO2 Fill & Drain Leak and Functional Checkout Thrust Section Fig. 3-2

OAll Ground Elec~trical Vehicle Ground Servicing Power Thrust Section Fig. 3-2
Power No. l'1

OA12 Instrumentation/ Vehicle Control When Flight Thrust Section Fig. 3-2
Communication No. 1

OA13 ACPS GO2 Fill Leak and Functional Check Thrust Sectioh Fig. 3-2

OA14 Ground Electrical Vehicle Ground Servicing Powe Thrust Sectioh Fig. 3-2
Power No. 2.

I. , ' . 'I. i i

OA15 Instrumentation/ Vehicle Control When Flight Thrust Section Fig. 3-2
Communication No. 2 Deck is Unmanned

OA18 Helium Fill Leak and Functional Checkout Thrust Section Fig. 3-2
OA16 Vehicle-Ground Ground Vehicle ' Thrust Section Fig. 3-2

OB1 PGS LH2 Fill #1 Leak and Functional Check Mid Body Fig. 3-2

OB2 PGS LH2 Fill #2 Leak and Functional Check , Mid Body Fig. 3-2

OB3 PGS GH2 GSE Supply Leak and Functional Check Mid Body Fig. 3-2

, i



TABLE 3-2. M&R OPERATIONS COMPLEX ORBITER INTERFACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

0B4 Primary HX Coolant Hookup to ground supply for Mid Body Fig. 3-2

Supply system operation and checkout

0B5 Secondary HX Hookup to ground supply for Mid Body Fig. 3-2
Coolant Supply system operation and checkout

0B9 Primary HXCoolant Hookup to ground supply for Mid Body Fig. 3-2
Return system operation and checkoui

OBlO Secondary HX Return Hookup to ground supply for Mid Body Fig. 3-2
system operation and 'checkout

OBll PGS LO2 Fipl #1 Leak and Functional Checkout Mid Body Fig. 3-2
OB12 PGS LO2 Fill #2 Leak and Functional Checkout Mid Body Fig. 3-2

H O~~l2 PGS L02 Fill #2 La n ucinlCeku i oyFg -
cO

OB13 PGS GO2 Supply Leak and Functional Checkout Mid Body Fig. 3-2

OB14 JP Fill Leak and Functional Checkout Mid Body Fig. 3-2

OCl GN2 Fill #1 Leak and Functional Checkout Forwaid Body Fig. 3-2

OC2 GN2 Fill #2 Leak and Functional Checkout Forward Body Fig. 3-2
ii

0C3 Potable Water Fill System checkout and launch Forward Body Fig. 3-2
preparation fill

0C4 Waste Water Fill System checkout and launch Forward Body Fig. 3-2
preparation fill

* 4
* I



TABLE 3-2. MGR OPERATIONS COMPLE ORBITER INTERFACES

OI/ Prmr Fro I I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG ?ARAMETER

OD1 PrimaryFreon Suppl System checkout and launch Forward Body Fig. 3-2

preparation fill

OD2 Primary Freon System checkout and launch Forward Body Fig. 3-2
Return preparation fill

OD3 Primary Water System checkout and launch Forward Bojy Fig. 3-2

Supply preparation fill

OD4 Primary Water System checkout and launch Forward Boy Fig. 3-2
Return preparation fill

OD5 Secondary Freon System checkout and launch Forward Bo y Fig. 3-2
Supply preparation fill

0D6 Secondary Freon System checkout and launch Forward Body Fig. 3-2
Return preparation

OD7 Secondary Water System checkout ana launch Forward Body Fig. 3-2.
Supply preparation fill

q

OD8 Secondary Water System checkout and launch Forward Body Fig. 3-2
Return preparation fill -

OD13 Coolant Supply FC#1 PGS Fill for FCP #1 Coola Forward Body Fig. 3-2

* - ..' _ _ _ _ _ _
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TABLE 3-2. N&R OPERATIONS !COMPLEX - ORBITER INTER ACES

__ __ __ -7 
__ __ _

I/F I/F I
CODE FUNCTION DESCRIPTION LOCATION I DWG/FIG PARAMETER

OD14 Coolant Return PGS Return for FCP #i Coolant Forward Body Fig. 3-2

FC #1 Loop

OD15 Coolant Supply PGS Fill for FCP #1 Coolant Loop Forward Body Fig. 3-2

FC #2

OD16 Coolant Return PGS Return for FCP #2 Coolant Forward Body Fig. 3-2

FC #2 Loop

OD17 Coolant Supply PGS Fill for FCP #3 Coolant ioop Forward Body Fig. 3-2

FC #3 i

OD18 Coolant Return PGS Return for FCP #3 Coolan Forward Body Fig. 3-2

I FC #3 Loop
0

OD21 Hydraulic Ground Fill Hydraulic System #1 Aft Body Fig. 3-2
Supply #1

OD22 Hydraulic Ground Return!Hydraulic System.#1 Aft Body Fig. 3-2
Return #1

OD23 Hydraulic Ground Fill Hydraulic System #2 Aft Body Fig. 3-2
Supply #2

OD24 Hydraulic Ground eturn Hydraulic System #2 Aft Body Fig. 3-2

Return #2

0D3 ydauicGrun il Hdrulc yse 2 I Atoy-! Fg -



1 TABLE 3-2. MR OPERATIONS COMPLEX ORBITER INTERFA ES

I/F I/F
CODE FUNCTION DESCRIPTION I LOCATION DWG/FIG PARAMETER

OD25 Hydraulic Ground Fill Hydraulic System #2 Aft Body Fig. 3-2
Supply #3 F

0D26 Hydraulic Ground Return Hydraulic System #3 Aft Body Fig. 3-2
Return #3

0D27 Hydraulic Ground Fill Hydraulic System #4 Aft Body Fig. 3-2
Supply #4 I

0D28 Hydraulic Ground Return Hdraulic Syste #4 Aft Body Fig. 3-2

Return #4

0D29 Hyd. GN2 Press #1 Hydraulic GN2 Fill Storage Bot 3 Fig. 3-2
No. 1

OD30 Hyd. GN2 Press #2 Hydraulic GN2 Fill Storage Bot ;l Fig. 3-2
, No. 2

OD31 Hyd. GN2 Press #3 Hydraulic GN2 Fill stoage Bot ,., Fig. 32HdalcG 2 Fill Storage BotteFg 2
No. 3 F

0D32 Hyd. GN2 Press #4 Hydraulic GN2 Fill Storage Bot ;l Fig. 372

No. 4
0D33 ABES Oil Fill #1 ABES Oil Fill No. 1 Forward Engine Fig. 3-2

I LH
0D34 ABES Oil Fill #2 ABES Oil Fill No. 2 Aft Engine RH Fig. 3-2

0D35 ABES Oil Fill #3 ABES Oil Fill No. 3 1 Forward Engine Fig. 3-2
LH

0D36 ABES Oil Fill #4 ABES Oil Fill No. 4 Aft Engine RH Fig. 3-2

.1 I
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TABLE 3-3. M&R OPERATIONS COMPLEX - BOOSTER GSE TO FACILITIES INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LR01 GN Supply Interconnects Facility GN Fig. 3-1 3000 psi

2 Regulator Station to GSE neumatic

Control Unit,

LRO2 GHe Supply Interconnects Facility GHe Fig. 3-1 3000 psi

Regulator Station to GSE Pneuma tic

Control Unit

LRO3 GHe Supply Interconnects Facility GHe Fig. 3-1

Storage to GSE Pneumatic I

Distribution Unit

LRO4 GN Supply Interconnects Facility GN 2  Fig. 3-1

2Storage to GSE Pneumatic ':

Distribution Unit

LR05. Conditioned Air Interconnects Facility Air Fig. 3-1

Supply Conditioning System to GSE

Disconnect for Vehicle
Conditioning

LRO6 Air Supply Interconnects Facility Air Suppl , Fig. 3-1

to General Useage Air GSE

LR07 Water Supply Interconnects Facility Water Fig. 3-1

Supply to Water Coolant Servici g

Unit and General Useage Water
_ _ _ _ _ GSE



TABLE 3-3. M&R OPERATIONS COMPLEX - BO9STER GSE TO VA ILITIES INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LRO8 Ground Electrical Interconnects Facility Electrical Fig. 3-1

Power Power to GSE Electrical Power
Conditioning Cart i

LRO9 Electrical Ground Interconnects Facility Electrica Fig. 3-1
Ground to GSE Disconnect for
Vehicle Ground

iI .1

-. - -
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TABLE 3-4. M&R OPERATIONS CO LEX - ORBITER G TO FACILITIES INTERFACES

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LRIO1 Facility Electrical Procide Electrical Power to the VAB Fig. 3-2

LRIO2 GN2 , He Supply Provide GN2 and He to the VAB Fig. 3-2

Pneumatic Control Unit and
Gas Distribution Unit

LR103 GN2 , He Supply Provide GN2 and He to the VAB Fig. 3-2
Pneumatic Distribution Unit

LRI04 Conditioned Air Provide Ventilation for VAB Fig. 3-2

Interior Vehicle Work Areas

LRlO4 Facility Air Supply Provide Facility Air for Gener 1 VAB Fig. 3-2
Usage

LR=06 Facility Water Provide Facility Water to the VAB Fig. 3-2
Supply Conditioned Air Unit

. J,

.1 .
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1. SCOPE

-- -- This Interface Definition Document identifies and defines Landing Sites

interfaces between the Space Shuttle System Flight Vehicles (Booster, Orbiter and

Payload), the support Equipment, and the Facilities. It is in preliminary form,

defining vehicle to support equipment and support equipment to facilities interfaces

in gross terms.

2. APPLICABLE DOCUMENTS

Thisdcunent coQmplies with all applicable requirements of the following

- documents: - - -- -

S(a) Space Shuttle System Specification, SS613M0001

(b) Space Shuttle Ground System Specification, 76Z0501

(c) Space Shuttle Booster Specification, 76Z0500

(d) Space Shuttle Orbiter Specification, CP613Moo0002

. 3. -INTERFACE DEFINITION ... .

Landing Sites functional interfaces for major mechanical, fluid, electrical

and avionic subsystems are depicted in Figures 3-1 and 3-2. Interface data is

defined on Interface Tables 3-1 and 3-2 for the booster and orbiter respectively.

to GSE and Tables 3-3 and 3-4 for GSE to facilities.

All vehicle ground interface and GSE to facilities interface requirements

.. . --shall be categorized as follows: . .

(a) Category I - those ground interfaces required to launch, safe, or main-

tain the vehicle in a safe condition on the launch pad up to first vehicle

motion. These ground connections are designated Rise-off Disconnects

(bded BA- for booster and OA for orbiter). - - -- ------

(b) Category II - those ground service interfaces required to service the

vehicle at the launch pad; however, the service can be terminated prior

to, or concurrent with, personnel ingress/egress access swing arm

retrieval. These ground service interfaces are designated Swing-Arm

Umbilicals (coded BB for booster and OB for orbiter).

G-1

SD 71-127



(c) Category III - those external ground service interfaces required for

scheduled vehicle servicing in the M&R area in preparation for launch.

These services are designated External Service Disconnects (coded

BC for booster and OC for orbiter).

-- Category IV - those internal ground connections required for unsched-

Suled vehicle servicing in the M&R area. These services are designated

Internal Service Disconnects (coded BD for booster and OD for orbiter).

(e) Category V - those ground services interfaces between the booster and

orbiter common or didicated GSE to launch pad, M&R and landing sites

facilities. These services are designated GSE - Facility Disconnects

(coded LE for the launch pad, LR for the M&R area and LS for the

landfnigIsites).

G-2
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STABLE 3-1. LANDING SITES BOOSTER INTER CES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

BA 1 ECLSS Conditioned Ground Cooling for Cabin and Thrust Sect on Fig. 3-1 25 lbs/min.

Air Equipment Bays 400 F

BA 2 LO Fill and Drain Post-Landing LO 2 System and Thrust Section Fig. 3-1 13" line
2Tank GN Purge

2

BA 4 LH Fill and Drain Post-Landing LH System and Thrust Section Fig. 3-1 13" line
22

Tanks GN Purge
2

BA 5 GH Vent LH Systems Vent Provisions Vertical Fig. 3-1 10" line
2 to urn Pond Stabilizer

BA 6 Hot Gas Exhaust APU Ground Run Exhaust Ve t to Vertical Fig. 3-1

Disposal

BA 7 ACPS Accumulator Post-Landing GN 2 Purge Thrust Section Fig. 3-1 2.75" line

GH 2 Charge and Provisions
Mafn LH Tank ,I

2
Pre-Press

BA 8 ACPS Accumulator Post-Landing GN 2 Purge Thrust Section Fig. 3-1 3" line

GO 2 Charge Provisions

BA 12 Hydrocarbon Fuel. Post-Landing GN 2 Purge Thrust Section Fig. 3-1

Tank Fill and Drain Provisions
__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _____ ___."___



TABLE 3-1. LANDING SITES -BO STER INTERFAC S

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG !PARAMETER

BA 13 Electrical Ground Vehicle Systems Power when Thrust Section Fig. 3-1
Power Umbilical APU's Shut Dow

BA 14 Electrical Ground Vehicle Ground during Safing Thrust Section Fig. 3-1
Operations

BA 15 Data Bus #1 Ground Data Path to Vehicle 3CM Thrust Section Fig. 3-1
System

BA 16 Data Bus #2 Ground Data Path to Vehicle CM Thrust Sec ion Fig. 3-1
System

0
BD 1 LH Horizontal Fill Post-Landing Drain Provisio is Fig. 3-1

anBDrain to LH Catch Tank ,r ,s
2

BD 2 LO Horizontal Post-Landing Drain Provisio is Fig. 3-1
Filr and Drain LO2 Spill Pond

SBD 56 Hydrocarbon Fuel Post-Landing Drain Provisio Fig. 3-1
Tank Horizontal to Hydrocarbon Fuel Facility
Drain Tank

.17
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TABLE 3-2. LANDING SITES - ORBITER INTERFACES

I/F FI/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

OAl LH2 Tank Pre-Press Post-Landing GN2 Purge of re- Thrust Sectio Fig. 3-2 1" Line
Press Line

0A2 LH2 Fill & Drain Post-Landing LH2 System GN Thrust Section Fig. 3-2 8" Line
Purge and LH2 drain to cat h
tank I

OA3 ACPS GH2 Fill Post-Landing GN2 Purge Thrust Section Fig. 3-2 1" Line

OA5 GH2 On-Orbit Vent Post-Landing Vent to Safe Vertical Fig. 3-2 3" Line
Disposal Stabilizer

OA7 GH2 Hot iGas Exhaust Post-Landing Vent to Safe I Vertical Fig. 3-2 10" Line
.Disposal Stabilizer

I-

O0A8 LO2 Tank Pre-Press Post-Landing GN2 Purge of he Thrust Section Fig. 3-2 1" Line
Pre-Press Line

OA9 LO2 Fill & Drain Post-Landing LO2 System GN Thrust Section Fig. 3-2 8" Line
Purge and L0 2 Drain to Cat h
Tank

OAO10 Vehicle Purge Dry Air or GN2  Thrust Section 12" Line

OAl Electrical Ground Vehicle Systems Power when APU's Thrust Section Fig. 3-2
Power #1 Shutdown

0A12 Instrumentation/ Vehicle Control when Flight Thrust Section Fig. 3-2
Communications #1 Deck is Unmanned .

0A13 ACPS Go02 Fill Post-Landing GN2 Purge Thrust Section Fig. 3-2 i1" Line2 ' in

* F
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TABLE 3-2.' LANDING SITES ORBITER INTERFA(ES

I/F I I/F

CODE- FUNCTION DESCRIPTION LOCATION DWG/FIG IPARIETER

OA14 Electrical Ground Vehicle Systems Power when APU's Thrust Section Fig. 3-2

Power #2 Shutdown

0A15 Instrumentation! Vehicle Control when Flight Thrust Secti n Fig. 3-2

Communications #2 Deck is unmanned l

OAl6 Vehicle Ground

1 PGS LH2 F # Post-Landing N2 Purge Mid ody Fig. i3-2

OB2 PGS LH2 Fill #2 Post-Landing GN2 Purge Mid Body Fig. 3-2
OB2 FGS LH2 Fill #2 Post-Landing GN2 Purge I ,Mid Body Fig. 3-2

OB3 PGS GH2 Supply Post-Landing GN2 Purge Mid Body Fig. 3-2
IL

OB4 Primary HX Supply Primary Heat Exchanger Ground Mid Body Fig. 3-2

Supply

OB5 Secondary HX Supply Secondary Heat Exchanger Mid Body Fig. 3-2

Ground Supply

OB6 PGS LH2 Vent #1 Post-Landing Purge & Drain Mid Body Fig. 3-2

OB7 GS LH2 Vent #2 Post-Landing Purge & Drain Mid Body Fig. 3-2

OB8 Fuel Cell GH2 Purge Post-Landing Vent to Burn P d Mid Body Fig. 3-2

OB9 Primary Coolant Heat Exchanger Fluid Ground' Mid Body Fig. 3-2

Return Return

OBO10 Secondary Return Heat Exchanger Fluid Ground Mid Body Fig. 3-2

Return I
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TABLE 3-2. LANDING SITES ORBITER INTERFA E

I/C I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG i PARAMETER•i LOCATION W/d

OB11 PGS L0 2 Fill #1 Post-Landing GN2 Purge Mid Body Fig. 3-2

0B12 PGS LO2 Tank #2 Fil Post-Landing GN2 Purge Mid Body Fig. 3-2

0B13 PGS GO2 Supply Post-Landing GN2 Puge Mid Body Fig. 3-2

0B14 JP Fill Post-Landing GN2 Purge Mid Body Fig. 3-2

0B15 PGS LO2 Vent #1 Post-Landing Purge and Drai Mid Body Fig. 3-2 I

0B16 PGS LO2 ent#2 Post-Landing Purge and Drair Mid Body Fig. 3-2

OB18 LH2 Main Tank Vent Post-Landing Vent to Burn P nd Mid Body Fig. 3-21

0B19 02 Purge Vent Post-Landing Vent to Atmosphere Mid Body Fig. 3-2

I. i Ii -tj

I.J



.. . LANDING SITES - --

BOOSTER GROUND SUPPORT EQUIPMENT (GSE)

TO

FACILITIES

INTERFACES

G-14

SD 71-127



TABLE 3-3. LANDING SITES- BOOSTER GSE TO IFACILITIS INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LS-01 GN Supply Interconnects Facility GN Storage Fig. 3-1
2 .2Supply to GSE Nitrogen Distribu ion

Unit

LS-02 Water Supply Interconnects Facility Water SuIply Fig. 3-1
I and Return to GSE Conditionined Air

Unit .

LS-03 Air Supply Interconnects Facility Air Suppl Fig. 3-1
Fto General Useage GSEI

F I , i

LS-04 LO Disposal Interconnects LO Horizontal Fi 1 Fig. 3-1
2/

2 and Drain GSE to L 2 Spill Pon 1

LS-05 GHl2 and Gas Interconnects GSE Used for Mai Fig. 3-1
Generator Exhaust and APS Tanks GIl 2 Vents, and

Disposal APS and APU GaslGenerator
Exhaust to Facility Burn Pond

LS-06 LII Drain Interconnects GSE Used for Fig. 3-1
Horizontal LlI Drain to the

2
Facility LII Catch Tank

2I.

LS-07 Data Retrieval Interconnects GSE Data Terminal - Fig. 3-1
Unit to the Central Instrumentati on i
Facility

! . F '

I
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TABLE 3-3. LANDING SITES - BOOSTER G ;E TO FACILITIES INTERFACES

I/F I/F

CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LS-08 Electrical Ground Interconnects Booster Vehicle Fig. 3-1
Ground to the Facility Ground

1 i I

I .-

i l i I i.1
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TABLE 3-4. LANDING SITES - OR ITER GSE TO FACIJITY INTERFACES I

I/F I/F
CODE FUNCTION DESCRIPTION LOCATION DWG/FIG PARAMETER

LS101 GN2 , He Supply Provide GN2 and He to the Safing Area Fig. 3-2
Pneumatic Control Unit and
Gas Distribution Unit

LS104 Facility Water Provide Facility Water to the Safing Area Fig. 3-2.
Supply Conditioned Air Unit

I

L106 Facility Air Supply Provide Facility Air for General Safing Area Fig. 3-2
Usage

IS107 Disposal of 102 Provide Catch Tank for Disposal Safing Area Fig. 3-2
of Residual L02 I

LS108 Burn Hydrogen Gas Burnstack for GH2 Vents and Safing Area Fig. 3-2
Exhaust

LS109 Disposal of LH2  Provide Catch Tank for Disposal !Safing Area Fig. 3-2
of Residual LH2

LS110 Facility Electrical Provide Electrical Power to the Safing Area Fig. 3-2
Power Supply Support Equipment and Orbiter

LS111 Electrical Ground Provide an Electrical Ground Safing Area Fig. 3-2
for the Orbiter

I,1


